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^ INTRODUCTION. 

Is the first part of this work will be found all the most 
approved elementary or simple parts of mechanism that the 
ingenuity of man has suggested, in the past and present 
age, for multiplying power — for increasing and diminishing 
speed — ^for changing the direction of motion — ^for producing 
straight from curvilinear motions^ and vice versd — also irre- 
gular from regular motions, and vice versd. The several 
subjects are accompanied by the methods of calculating and 
comparing the powers, velocities, Ac, of the different parti^ 
of each combination. The fundamental principles of these 
methods are derived from Baker's Principles and Practice 
of Statics and Dynamics in Mr. Weale's Series, with ex- 
amples wrought out by common arithmetic; so that they 
may be understood without a knowledge of the higher 
branches of the mathematics. The more abstruse parts of 
the theory of variable motion are taken from Professor 
Willises Mechanism (by the Professor's kind permission) : 
to which great work, and to Btichanan^s work on the 
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same subject,* I am indebted for the greater part of tbe 
elementary forms of mechanism, which are duly acknow- 
lodged in the course of the work. 

In this part of the work, besides the elementary combi- 
nations, several complete machines, of the more simple 
kinds, are abo described, either with or without reference 
to their specific purposes. 

The engraving to Articles 9, 10, 12, 13, 22, 27, 30, 46, 
68, 72, 73, 74, 75, 76, 83, 95, 120, 122, 127, and 141, and, in 
a few cases, a part of their accompanying descriptions, are 
taken from Hbmlinson's Mechanics in the Series. 

The second part treats generally of machines, and parts of 
machines, designed for specific purposes ; a great many of 
which are of a novel and ingenious character, and made a 
conspicuous part in the mechanical department of the Gfreat 
Exhibition o/^1851. 

The first part is divided into eight, and the second part 
into ten, chapters ; of each of which it will be proper to say 
a little. 

PAET I. 

In Chapter I. of this part are given, the definitions 
and fundamental principles of calculation, adapted to 
machinery. 

* Buchanan on Mill Work and on Machinery and Tools, edited by 
Qeorge Rennie, F.RS. Text in 8yo, and Plates in folio. 
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Chapter II. treats of the lever, Uuk-work, cranks, and 
several of their combinations. 

Chapter III. embraces the yarious combinations of wheel- 
work ; the arrangement of the teeth of wheels ; with the 
ingenious and expeditious method of forming the flanks of 
the teeth by the Odontography invented by FrofeB9or Willis, 

Chapter lY . treats of the forms of gudgeons, couplings of 
axles, contrivances for the engagement and disengagement 
of machinery, &c. &c. The nature and theory of the pulley, 
and motion by means of wrapping connectors, as cords, 
straps, chains, &c., conclude this subject. 

Chapter Y. includes the most approved specimens of 
Tariable motion by the rolling contact of wheels. 

In Chapter YI. various methods of producing intermittent 
and reciprocating motion are given. 

Chapter YII. treats of the inclined plane, the screw, 
the wedge, and the camb, with several of their combi- 
nations. 

In Chapter YIII. the arrangements of the escapements 
of clocks and watches, and the nature of the pendulum, are 
explained. 

PAET II. 

. In Chapter I. of this part the most approved regulators 

And accumulators of motion are described. 

\ 
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In Chapter 11. are described Tarious arrangements of 
mechanism for modifying motion, as to change a continuous 
reciprocating motion into a continuous circular motion, and 
the reverse ; with the theory of parallel motion, as given by 
Professor Willis and Mr. Harm. 

In Chapter III. are given the ordinary machines used in 
the common arts of construction, and for domestic 
purposes. 

In Chapter lY. are described all the most approved 
hydraulic machines, from the common suction-pump to 
AppoWs centrifugal pump^ which was so conspicuous in 
the GHreat Exhibition of 1851; and the various kinds of 
water-wheels, including the turbine, with the methods of 
calculating their powers; also the most approved marine 
screw-propellers ; with the theory of the motion of water in 
pipes, rivers, and open canals, <&c. 

In Chapter V. JMr. Joseph WhitwortVs self-acting lathes, 
<&c. <&c., are described.* 

Chapter YI. treats of machines for carding, spinning, 
flax-dressing, &c. <&c. ; most of which formed an attractive 
part of the Qrea/t Exhibition o/'1851. 

Chapter YII. describes the various mechanical arrange- 
ments of the steam-engine, with two specimens of novel 
machines of this kind. 

* To Mr. Whitworth, thanks are due for his liberality and kindness. 
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In Chapter YIII. are given descriptions of machinery for 
refixuBg sugar, ^. 

Chapter IX. treats of the friction of machinery, and of 
labouring forces; with the nature of the resistance of 
fnction on railways and common roads, Ac. &e. 

Chapter X. describes the process and mechanism for 
Mnufaeturing brown salt-glazed stoneware and Bristol* 
ware, as practised at Yauxhall Pottery, by Messrs, Singer^ 
Qreen, and do* 

A more complete detail of the several subjects will be 

found in the table of contents. 

T. BAKEB. 

* To Mr. Qreen, thanks are due for his kind aid. 
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PART L 



CHAPTER I. 

DEFINITIONS OF MOTION. 

1. Motion is the oontinual change of place of a body. 
When the bodj moves in a straight line it is said to have 
rectilinear motion; when it moves in a curved line it is 
called cwrviUnear motion ; and when it moves backwards and 
forwards it is said to have reeiproeatin^ motion. 

Motion may be also either uniform or variable. When 
the body moves over equal spaces in equal times, it is 
said to have uniform motion; but when it moves over 
unequal spaces in equal times, it is said to have variable 
motion.^ 

The velocity of a body is measured by the linear rate 
of motion of a point in the body ; thus, if a body move 
imiformly over 10 feet per second, it is said to have a velocity 
of 10 feet per second. Therefore, when velocity is to be 
measured, we must have a given number of units of space 
passed over in a given unit of time : it is an established 
custom to take a foot for the unit of space, and a second for 
the unit of time, when treating of these subjects in a scientific 
maimer. 

2. When a body moves uniformli/ t%e space it passes over is 
equal to the product of the velocity and time. 

* There are also nccderated and retarded motu/M ; the most common 
cases of these motions maybe seen in falling bodies, in the former case, 
and in bodies thrown directly upwards in the latter case. 
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For, if a body moves with a velocity of 6 feet per second, 
it will move over twice 6 feet, or 12 leet, in 2 seconds, and 
over thrice 6 feet in 3 seconds, and so on. 

Or, generally, let v be the velocity of the body per second, 
t the tune in seconds, and « the space or distance passed 
over, then 

8 = V times t 

that is, tf = t? ^ (1) 

which equation shows the relation of velocity, time, and space 
in uniform motion, any two of which being given the 
remaining one may be found by common algebraic transposi- 
tion; thus, 

^ = - 2) 

V 

. .=7 (8) 

Example 1. — The velocity of a body is 15 feet per second, 
in what time will it move over 100 yards ? 

Here « = 100 yards = 100 x 3=300 feet, and v = 15 feet ; 
hence by equation (2), 

^ = - = T7=- = 20 seconds. 
V 15 

Ux, 2. —A locomotive engine moves with a velocity of 
30 miles per hour ; required its velocity per second. 

Here « = 30 x 5280 = 158400 feet, and t= I hour=360O 
seconds ; hence by equation (3), 

V = = 44 ft. per second. 



ON THE rSE or MACHINES IN GENERAL. 

3. Firstly, — Machines are used for producing power or 
force greater than the strength of man or any other animal ; 
as by the lever, crane, &c. Secondly, — For increasing or 
decreasing the velocity of motion ; as by the lathe, smoke- 
jack, &c. Thirdly, — For prolonging the action of power, as 
in a clock or watch. Fowrthh, — For changing the direction 
of motion ; as by the windlass, the piston of the steam- 
engine, &c. Mfthly. — For reducing the time of labour ; as 
in the case 6i locomotive engines on railways compared 
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with draught horses on common roads. And Sixthfy, — For 
producing accuracy and quickness in the work required to be 
done ; as in the case of lathe-work, which cannot be pro- 
duced with perfect uniformity without the lathe. JBut 
instances of this kind may be produced without end ; we 
shall therefore proceed to 

4. jparts of a Machine, — These parts may be divided into 
three : firstJ^, the part which is subject to the action of the 
moving power, as the handle of a windlass, which may be 
called the receiver of work ; secondly, the mechanism that 
communicates the work of the receiver to the work to be 
done, as the windlass and the rope coiling round it, which 
may be called interposed mechanism or communicators of 
work. And thirdly, the part which performs the required 
vork, as the bucket, which is attached to the rope, and 
which may be called the working pa/rt, or operator, 

5. The i](K)ving powers of machines may be divided into 
se?en ; Firstly, man and other animals. Secondly, the fall 
of water. Thirdly, the force of the wind. Fourthly, the 
descent of weights. Fifthly, the action of springs, mxthl^, 
the expansion of elastic fluids, as steam, air, <&c. And 
%toenthly, electricity and magnetism. 

ELEMENTAET FOEMS OP MECHANISM. 

The Elementary Forms of Mechanism consist of the six 
mechanical powers, 
Ist. — Levers, producing motion by Linh-worh or Jointed- 



2nd. — Wheels, or Wheels and Axles, producing motion 
hy rolling contact, or by teeth raised upon them, 

3rd. — Pulleys, producing motion by wrapping contact, by 
means of cords, straps, or chains. 

4th. — Inclined Flanes; and 5th, The Wedge^ producing 
motion by sliding, or wedge-motions, 

6th. — Screws, also producing motion by sliding by the 
help of the lever, or some other of the mechanical powers. 

VELOCITY EATIO. 

6. In calculating the motion of the parts of a machine, 
Professor Willis and others have found it to be most con- 
venient to compare their proportional velocities, or, in other 

b2 
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irorda, to find an eipreision for their velocity ratio. Thus, 
let the receiver of a machine move through a Bpace of T feet, 
while its operator movee through v feet ; then their Telocity 

ratio is eipreased by - ; and, if » represent the power 

applied to the receiver, and w the weight moved by the 
operator; then 

p*s velocity _ t 

w'a velocity v 

^amph. — Let the velocity v of the receiver = 28 feet, 
and the velocity v of the operator ^ 1 feet in the same time ; 
then 

p'b vbI. _ t _ 28 _ 7 

w's vel. ~ v~ 4 ~ 1' 

or, the power p of the receiver moves with seven times the 
velocity of the weight w moved by the operator, which is the 
velocity ratio in this case. Eztunples explaining this prin- 
ciple will be given in Art. 8, on the practical application of 
the levei:. 

We shall now proceed to compare the veloaty and 
power of the receiver of work with the velocity an4 power 
of the operator of a machine, the form of the interposect 
mechanism or communicators being given. 
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7. We shall first take the lever ab, as presenting the 
most simple form of mechanism. Let the lever rest on the 

I fulcrum r, and let a power f 
be applied to the end a of the 
lever, which is called the re- 
ceiver, to move the end b, 
which is called the operator; 
also let the power move the 
lever to the position a h; thus 
causing the weight w to ascend through the apace b ft in the 
same tune that the power descends through the apace A a; 
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then, by the prmciple of Virtual Velocities, Art. 85, Bah&r's 
8Mc8 and DynamicSj WeMs Series^ 

Aa : "Bh :; af:fb, 
that is, p's vel. : w's vel. : : a r : r b, 

p's vel. A p 



"w*s vel. p b" 



(1) 



Also, when equilibrium takes place between the weight 
and power, we shall have by Art. 42, Ihid,^ 

PXAP = WXPB (2) 

that is, the potoer multiplied hy the length cf its arm is equal 
to the weight multiplied hy the length of its arm; — the former 
product is called the mom,entvm of the power , and the latter 
the momentiMfn of the weight, 

W A P 

Rfom equation (2). — ss — (3) 

P P B 

and by comparing equations (1) and (3) we shall have 

p's vel. w 



w'b vel. p 



(4) 



p's vel 

that is, the velocity ratio, or — ; 'r , is equal to the weight 

w s vei. 

w divided by the power p, which is employed to raise the 

weight w, an equilibrium between the weight and power 

being supposed to exist. 

8. For the instruction of those students that are not accus- 
tomed to the use of mathematical equations, we shall give the 
following rules. and examples, in which the magnitude of the 
power and weight, and the lengths of the arms of the lever, 
aro given in numbers. 

BuLS I. — The velocity ratio of the power p and the 
weight w is equal to the length of the arm a p divided by the 
length of the arm b p. (See last figure.) 

JSxample. — Let the arm a P of the lever a b be 36 inches, 
and the length of the arm b p = 9 inches ; required the 
Telocity ratio of the weight and power. 

p's vel. _ 3 6 _ 4 
w's vel. " 9 "" 1' 
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that is, the power's velocity is to the weight's velocity as 4 
is to 1. — ^This is the velocity ratio in this case, which is much 
used in calculations relating to machinery, and is the same 
as would be given by equation (1) of the'last article. 

BiJLE II. — The velocity ratio of the power and weight is 
equal to the weight divided by the power. 

Example, — ^Let the weight w == 28 cwt., and the power 
p = 4 cwt. ; required the velocity ratio, an equilibrium 
being supposed to exist between the weight and the power ? 

p's vel. _ 28 _ 7 
w's vel. ~ 4 " 1' 

that is, the velocity of the power P is to the velocity of the 
weight w as 7 is to 1. 

28 7 w 
Note. — In this example, -7- ==•=-=""> ^r the weight to be raised divided 

by the power applied, is called " the odAxmtage gamed by the lever ; " 

p's vel. 7 
and the velocity ratio, or -; r =: -, expresses the number of times 

that the velocity of the weight is contained in the velocity of the 
power, which quotients are equal ; hence th£ advant<ige gained by a 
machine is equal to the velocity of the power divided by the vdocUy of the 
weighs raised, which is called the principle of vvrtval velocities. Mechani- 
cians define this principle by saying " what is gained in power is lost in 
speed." This simple principle, abating friction, wUl apply to all.mwhvnest 
however complicated, and this is the most simple aspect in which tiiieir 
motion can be viewed. 

BuLE III. — ^Also, when an equilibrium takes place on the 
lever, the product of power and the length of its arm is equal 
to the product of the weight and the length of its arm. 

Or, — ^The pawer is to the weight inversely as the lengths 
of the arms of the lever on which they respectively act ; 
hence, if any three of these four be given the other may be 
found. 

Example, — The lengths of the arms of a lever are 36 and 
3 inches, and a power of 2 cwt. acts at the end of the longer 
arm ; what weight wiU it balance F 

in. in. cwt. cwt. 

3 : 36 :: 2 : 24, 

that is, the product of the power and the length of its arm 
is equal to tne product of the weight and the length of its 
arm; thus,' 

2 X 36 = 24 X 3 = 72, 
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the momentum of tlie ptnrer, being ei^ual to the momentvm of 
weiffht, see equation (2) ; the Isrer in all these caaes being 
supposed to be without weight, 
9. There are corn- 



pending on the posi- 
tioos of the points 
of application of the 
power and the weight 
vith respect to the 
folcrnm. 

A. lever of ike Jtr»t 
kind is represented 
by fig.I., in which the 
falcnim ? is situated 
between the power p 
and weight w. In a 
leper ^ the tecond 
hind, £g. II., the 
power T and the 
weight ■w act on the 
same side of tlie ful- 
crum p, the weight 
being between the ful- 
cnun and the power. 

In a lever of the 
third kind, fig. 111., the power p and the weight w act on the 
same side of the fulcrum f, as in the latter case, but the 
power, in this case, is between the fulcrum and the weight. 

The Telocity ratio, and the equations 'of equilibrium, 
equations (1), (2), and (4), Art. 7, apply to all the three 
kinds of lerera, that is, 

p'b yel. _ 1 w 
■w'svel." r p' 



10. The Qymmon Steelyard is a useful application of the 
lever for finding the weights of bodies. — The beam of the 
Bteelyard is abown in the annexed figure ; c is the fulcrum. 



1} 
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w the body (the weight of which is to be found) ia suspeiided 

at the end b of the shorter arm, and the coDBtant weight s is 
moved along the graduated arm till there shall be an equili- 
bnum. Let it be aasumed that the scale and heavy balU at 



s keep the lever in equilibrium or in a horizontal position 
when the load w and the weight f are remoTed, as is the 
case with some Bteelyarda. Now, let w and f be applied to 
the Bteeljard bo that they may balance each other; then 

PXCP = wxc8 orw= .therefore, when cp = OS, w 

08 ' 

will be = p, and when p = 2 c b, w will be = 2 P, and so on. 
Therefore, if the longer arm of the lever be marked so that 
cl, o2, o3, &e. shall be equal to so, 2sc, Sao, &c., 
respectively; then, when p ia at the 1st, 2nd, 8rd, &c., marks, 
the corresponding weights of w will be p, 2 p, 3 p, &c. 
Thus, if p be 1 lb., then w will be succeasively equal to 
1, 2, 3, &c. pounds, when p ie at the lat, 2ad, 3rd, &c., marks 
on the longer vm of the steelyard. In the figure, p is 
shown at the twelfth mark on the longer arm, therefore, in 
this case, w = 12 p ; and, if p = 1 lb, then w = 12 lbs. 

11. When the pouxr is required to ie very gretU, and it is 
not convenient to conatmct a very lone lever, a ctm^ownd 
, J fc»w, or a cwnpowiwi 

- F .y"--^ of /«!«•», is employed. 

In the composition 
of levers, in the an- 
nexed figure, the se- 
veral levers a. B, B C, 
C S, act perpendicularly one on another, the fuiorums, or 
centres of motion, of which are respectiTely p, p', and X* ; 
then by Art. 48, BaAer'a Statics and Dynamics, we shall 



Op 
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have, in case of equilibrium between the power v aud 
weight V, 

V. W : : T B X V' a X T"I> : T A. X f' B X f'o 

w faxf'bxf'c 

or, - = i— — iT- (1) 

Now, let the power s descend through the amaU space 
i.a, then the leyers ab, bc, CB will respectively asaume the 

r'.tions ab,bc,ed, and we shall have the velocity ratio 
equation (4), Art. 7, or bj the principle of Virtual 

Velocities, „,„ , .'„„„i „ 

' PS vel. A B vel. v 

w's vel. ~i)'8vel,~ p' 
and by comparing this equation with equation (1), there 
results the velocity ratio, or 

a's vel. _ 

Hence generally, the velocity ratio ofi. and D,or o/p and 
w, vnU hefov/nd by dividing the product of tenths of all the 
alternate arms of the levers heginning from s by the product of 
all the alternate arms heginning from w. 

12. A Bystem or composition of levera may be conveniently 
arranged ae in the annexed fig. Here, there are two of the 
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second kind, viz. a f and l' f", and one of the first kind a'b', 
and we shall now consider the manner in which the power P 
is transmitted to the weight w. The power p, acting on the 
lever a f, produces a downward force at b, which acts through 
the link B a' on the arm a' f' of the second lever, which arm 
is therefore pulled down, thus causing the arm f' b' to 
ascend, which acts by means of the link b' a" on the arm. 
a" f", which is therefore drawn upwards, causing the weight 
w (suspended at b") to ascend; hence the velocity ratio of 
p and w, or of a and a", by the last Article, will be 

p's vel. AFX a'f'x a"f'' w . « .,., . 

— ; r-= r—j 77— j;^ or, = — in case of equilibrium. 

wsvel. fbXf'b'xf B ' p 

Example 1. — Let a f = 20, a' f' = 16, and a" f" = 18 inches, 
also let B f' = 2, b' f' = 2, and b" f" = 3 inches ; then, by 
equation (2), we shall have the velocity ratio, or 

p^svel. _ 20xl6xl8 _480 
w's vel. "" 2 X 2 X 3 ■" 1 ' 

that is, the power's velocity is to the weight velocity as 480 
is to 1 ; or the point a moves with 480 times the velocity of 
that of the point b" ; and consequently, by the nature of 
virtual velocities, the weight w is 480 times the power p. 

Bx, 2. — Let the power p be such as a man can exert, 
which is usually taken at 150 lb., what weight can he raise 
by the composition of levers in the last example ? 

Since the weight is 480 times the power, we shall have 

w = 480 X 150 = 72000 lb. = 32 tons 2 cwt. 96 lb. 

The same result may be obtained from equation (1), 
Art. n. 

13. The Weighing Machine for turnpike-roads, &c., is 
formed of a composition of levers. It is chiefly used for 
weighing loaded wagons and other large weights. It consists 
of a wooden platform, placed over a pit made in the line of 
the road, and level with its surface ; and so arranged as to 
move freely up and down without touching the walls of the 
pit. The levers on which the platform rests are four ; viz., 
A F, B F, c F, and D F, all converging towards the centre f, 
and each moving on a fulcrum at a, b, c, d, securely fixed in 
each comer of the pit. The platform rests on its feet a' c' d\ 
which T0Bts on steel points «j 5, c, d. The four levers are 
supported at the point f, under the centre of the platform, 
by a long lever a e, resting on a steel fulcrum at b, while its 
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longer arm at e 13 connected with a rod, wliicb is carried up 
into the tumpike-houee, where it is attached to the ahorter 



arm of another lever, while a acale,* suapended from the other 
arm, carries the counterpoise or power, the amount of which, 
of course, indicates the weight of the wagon on the platform. 
Now, as the four levers a, b, c, d, are perfectly equal and 
similar, the effect of the weight distributed amongst them 
ia the same as if the whole weight rested upon any one. In 
order, therefore, to ascertain the conditions of equilibrium, 
we need only consider one of these levers, such as A r. 
Suppose, then, the distance from a to f to be 10 times as 
great as that from a to a, a force of 1 lb. at f would balance 
10 lb. at a, or on the platform. So, ako, if the distance 
from E to a be 10 times greater than the distance fi-om th^ 
fulcrum z to F a force of 1 lb., applied so as to raise up the 
end of the lever g, would countei^oise a weight of 10 lb. on f ; 
therefore, as we gain 10 times the power by the first levers, 
ud 10 times more by the lever e », it is evident that a force 
of 1 lb. tending to raise o, would balance 100 lb. on the 
platform. If the weight of 10 lb. be placed in the opposite 
arm of the balance to which o la attached, this 10 lb. will 
express the value of 1000 lb. on the platform. "When the 
platform is not loaded, the levers are counterpoised by a 
weight applied to the end of the last lever. 



moveable weight ia u 
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THE OBLIQUE AND BEKT LEYEBS. 

14. A lever a b, turning on the fulcrum r, is acted upon 
hj the power p, and the weight w in the oblique directions 

PAS, WBT; it is required to find 
^ T tbe nature of the equilibrium 

, //\ between p and w, and their Telocity 

I ^ ratio ? 

\^ Prom p draw the perpendiculars 
p s, p T upon the respective direc- 
tions of p and w ; then, by Art. 42 (2), Baker' 8 Statics cmd 
Dynamics, 

PXPSssWXPT, (1) 





W_ PS 
P "* FT 



or, •- = 



Also, by Art. 86, Ibid.^ the velocity ratio of p and w, 
eatimated TerticaUy, is 

p's vel. WPS 

— — r = - = — • (2) 

w s vel. PPT 

Prom (1) and (2) it appears that p multiplied hy the per' 
pendicvlar from the fulcrum on its direction is eqttal to w 
multiplied hy the perpendicular on its direction ; and that the 
velocities of p and w are to each other asthe same perpendiculars: 
both which positions are a^eeable to the great principle of 
the equality of moments, Articles 85, 86, and 87. Baker's 
Statics and Dynamics, 

Note. — ^Put A F = a, B F = 5, the angle s a f = e^ and T B F = i3 ; then. 
Art. 43, Ihid,f f asln. a = w6 sin. fi, 

16. The law of equilibrium and velocity ratio, given in 
Art. 14, is equally true with respect to bent levers of any 

kind, as A p B, in the annexed fig. ; 
for, instead of the straight lever, 
shown by the dotted line a p ft, 
we may conceive the rigid bent 
lever a p b to meet the directions 
of the forces p and w, and these 
forces to be transferred to its extremities a and b. Draw 
the perpendiculars p s, p t to the directions p a s, w b t of 
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the forces p and w respectively, and we shall have, as in the 
last Art., 

PXFS = WXFT, 

, p's vel. F s 

and —; i-=^-. 

w 8 vel. p T 

16. When the arms 7 a, p b of the lever are perpendicular 
to the directions p a, w b, in which p and w act, that is, when 
p A p, w B p are right angles (see last fig.) ; then 



and 



PXPAX WXPB^ 

p's vel. p A 



w's vel. p B ' 



which is sufficiently evident from the two preceding Articles. 
Mvample 1, —Let p s he = 2 feet, and p t = 1 foot, fig. to 
Art. 14, then, hy equation (2), the velocity of p will be 
2 times the velocity of w, that is, 

p's vel. _ ps_2 
w's vel. "" F T "" 1 

^x,2. — ^Let the power p=6cwt., the weight w=18 cwt., 
p 8 = 3 feet, and p t = Lfoot ; then, by equation (1), 

PXPS = WXPT 

that is, 3x6 = 1x18 

both products being 18, as they obviously 
ought to be. 

LIKK-WOBS:, OBAITKS, &C. 

17. Botatory motion may be commu- 
nicated from an axis b to another axis b 
by the arms or cranks b &, n J (which are 
of equal lengths), and the Unk h d, which is 
equal to b b. If b 5 be moved round the 
circle B ft, (^ D will always be a parallelogram, 
and therefore the angular velocities of b 5, 
D i, will be always the same. When the 
cranks arrive at the positions b «, b ^, the 
link h d will have the position s t, the cranks 
and link being in this case all in what is 
called the line of centres qBDt, the link is now said to be 
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in one of its dead points, as the tension upon it has no 
effect in turning the crank, but generally the moving force 
of the machinery, to which the crank is attached, carries 
it beyond the dead point. It will also be seen that q and 
p are dead points which the cranks and link have to pass 
over in one revolution. 

18. To remedy the inconvenience of dead points, the two 
cranks b e, n j^ at right angles to b ^, n d, respectively, 
and equal to them, with their connecting link e f, are 
frequently added to the systemj^^Tkij^ advantage of this 
arrangement is to give b> ^iooabdk^iiadL efficient moving 
force to drive round the cranks D d^ j)f, independent of 
any moving force in the machinery. 



■<=^ 



^ 




19. A second manner of avoiding the 
dead points may be gained by bending 
the two axes into loops or crants, at 
right angles to one another, by which 
arrangement the planes of rotation of 
the two are separated, so that they can 
never come in contact ; the same must 
be understood to be the case in Art. 17, 
as well as in the follow Art. 



20. "The third method of passing the links over the 
dead points consists, like the latter, in employ- 
ing two or more sets of arms and links, so 
disposed that only one set shall be passing the 
dead point at the same moment. In this 
method the axes o, n, are parallel, but not 
opposite; pins are fixed in the free side of 
each disc or wheel,* at equal distances from the 
centres of motion, and at equal angular dis- 
tances from each other, and links each equal to 
the distance of the centres c, n, are joined to 
them, as shown in the annexed fig." — I*rof, 
Willises Mechanism, Art. 200. 

21. In the annexed fig., the wheel or grindstone a has a 
continuous rotatory motion given to it by the crank c B, 
the connecting rod or link on and the foot-board or 
treadle ab, which last piece turns upon a as a centre, 
the rod c b having joints at its extremities to connect it 
with the crank and foot-board. By pressing the foot, 
for an instant, upon a b, the wheel is turned by the crank, 

* By fhifl arrangement the links will pass one another without 
collision. 
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the noting force, thus commuuicateil to the vheel, being 

sufficient to cany it round, passing both the dead points, 

till it aniTes at its former position, vhen 

the pressure is again applied, and the 

rotation of the M'neel is thus continued j 

for any length of time required. The S 

reciprocating, or up and down motion of ' 

the great beam of the steam engine turns, 

by means of its connecting rod, the crank 

of the fly-wheel, the mOTing force or inertia 

of which maintains continuous rotatory 

motion, in the same manner as in the wheel | 

or grindstone, just described. 

22. 2%e bent-lever balance ia a convenient form of scale, 
in Tfhich the weight is constant. It consists of a bent 
lerer abc, to one end of 

which a weight o is fixed, and 
to the other end A, a hook 
canying a scale-pan w, in 
which the aubetiuice to be 
weighed is placed. This lever 
is moveable about an axis B. 
Aa the weight in w depresses 
the shorter arm B a, its lever- 
age is constantly diminished, 
while that of tne arm c b ia 
oonstantly increased. When 
C counterpoises the weight, 
the division at which it set- 
tles on the graduated arc 

expresses its amount. The graduation of the instrument 
of course commences at the point where the index settles 
when there ia no load in w. The scale-pan ia then aucces- 
aively loaded with 1, 2, 3, &c., ounces or pounds, and the 
successive positions of the index marked on the arc. 

23. Note. — " Ono of tie principal asea of the common lover is for 
rumng large weights through small spaces, which i« done by a series of 
flhort intermittiag efforts. After the weight bus been raised, it must 
be supported in its new poeitioi;, until the lever is readjusted to repeat 
the action. The chief defect, therefore, of the 'lever is wsnt of ranije 
and the means of supplying continuous motion. This defect could be 
cupplied if the moving power could be enabled to move round the 
entire circle, and so continue to revolve for an;r length of time, still 
producing the dne proportion of e^ect on the weight to be nused, or on 



I 
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the resistance to be overcome* If, for instance, a weight is to be raised, 
there are many ways in which the action of the lever may be made 
continuous," which shall be shown in the following chapters. 



TO PIND THE TELOCITY BATIO IN LINK-WOBK. 

24. " Let A P, B Q be two arms moying on fixed centres a 
and B respectiyelj, and let them be connected bj a link f q, 

jointed to their extremi- 
ties p and Q. Let a b, b s 
^3 be perpendiculars from 
the centres upon the di- 
X^^--— -""""^ a'^^s rection of the link P(i 

produced, if necessary ; "^ 
and let the centres a and b be joined ; then a b is called 
the line of centres, and hj Frof. Willis* 8 Mechanisniy Art. 32, 




ang. vel. of a p : ang. vel. of b q : : b t : a t, 

that is, the angular velocities of the arms a p, b q (we to each 
other inversely as the segments into which the link divides the 
line of centres ab. 
Also, by Jrt. 32, Chr. 1, Ibid., 

ang. vel. of a P : ang. yel. of b q : : b s : A b, 

that is, the angular velocities of the arms A p, b Q are 
inversely as the perpendiculars from their centres of motion 
upon tne line of the link p q. 

These two proportions may be arranged in equations as 
follows : 

ang. vel. of a p _ b t 

ang. vel. of b q "" a t' 
and 

an^. vel. of a p b s 



a) 



ang. vel. of b q a b* 



(2) 
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CHAPTEE m. 



WBEBI^WOBK'-PKODUGINa MOTION BY ROLLING CONTACT- 
AXES, PABALLBLB. 

25. Let E Bud v be two wheels or cylinders, in contact 
with each other, and reepeotively revolnng on the parallel 
UBB A a, B i ; the sum of the radii of the two wheek being 
equal to the distance of the centres of their axes, and 
therefore the wheels will be in contact in all positiona ; and, 
if the wheel x be made to revolve, it wiU communicate 
motion to the wheel f, in a contraiy direction, by the &iction 
of their circumferences, which wiU ob- 
rionsly have the same velocity ; there- 
fore the number of times 7 revolves 
while X makes one revolution will be 
equal to the number of times the cir- 
comference of P is contained in that of e, 
or=the number of times the radius of f 
is contained in that of E. Letsandrbe 
the radii of e and f respectively, and 
E = number of rerolutions made by e 
while E makes one revolution ; then 



Example. — Let the radii of the wheels i r be respectively 
10 and 4 inches ; how many revolutions will e make while x 
makes one? 

Here ir = number of revolutions = - = — = 2i. 

26. If motion is communicated by the wheel E to the 
wheel E, then B is called the dmiw and e tiefoUouier. 
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27. There are varioua methods by which the circum- 
ferences of wheels are made to act upon one another. 
Sometimes by the mere fnction of their surfaces, the fiiction 
being increased by cutting the wood bo that the grains of 
the opposed surfaces may run in opposite directions ; in 

other cases the surfaces are covered 
with thick soft leather ; but the most 
UBual method of transmitting power 
in complex wheel-work ia by means 
of teeth or cogt, raised on the sur- 
fiwjes of the wheels, as in the annexed 
fig. The tenn teeth is usually ap- 
plied to the cogs on the aurfiice of 
the large wheel, as b, and leaves to 
those on the surface of the small 
wheel, usually called a pinion, as a. — Wheels and piniona 
are usuaUy made of caat-iron, each wheel and its teeth being 
of one piece. 

28. when the teeth of wheels are engaged together, as 
in the fig., they are said to be mi ^ear, but when (usengaged 
out of pear. 

29. The number of timea the pinion revolves while the 
wheel makes one revolution will be evidently equal to the 
number of teeth in the wheel divided by the numb^ of 
leavea in the pinion. — Let t = no. of teeth in the wheel, 
i = no. of leaves in the pinion, and H = no. of revolutions 
made by the pinion while the wheel makes one, or if B, r be 
the respective radii of the wheel and pinion ; then 



Example. — The number of teeth in a wheel is 48, the 
leaves in its pinion are 8 ; how often will the pinion turn round 
while the wheel turns once round P 



30. In a tnun of wheels, arranged as in the annexed fig., 
the conditions of equilibrium and velocity ratio are the same 
as in the train of levers in Art. 12, that is, 

p'b vel. _ a X g x/ _ w 
w's vel. ""ixcxd^p 
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the 


,/bems 
pinions; 


the raiiii of the wheels, 
slso, 

rx»x«x/ 


and), 


c, i the radii of 



31. In the marginal train of wheels, let the wheel t drive 



the pinion t, .which is fixed 
■r' drive the pinion t', which is fixed 
t", which laafc wheel drivea 
the pinion (" ; let the num- 
ber of teeth in the wheels 
and pinions he represented 
by tne letters annexed to 
them, and let n = number 
of revolutionB made by the 
pinion f while the wheel t 
makes one revolution ; then 
we shall have, by AH. 220, 
Vrof. WilMt Mechanism, 



' the whe_el t' ; let 
1 the axis of the wheel 




Hence it appears that while the firH driving-wheeJ maket 
one revolution, the number of revolutions made (y the laet 
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foUoiBer in {he train it equal to the product of the number 
of teeth in all the drivers, divided hy the product of the numier 
of teeth in ail the follmeers; and this rule wiU hold for a 
^ater or lees number of drivers and followers, arranged aa 
m the fig. 

Example 1. — Let the radii of three wheels a, e, aaAf be 
respectively 16, 18, and 24 iacbee, and the radii of their 
pinions h, c, and d he 2, 2, and 3 inches respectively ; 
required the Telocity ratio of p and w, and the weight of tne 
latter when the former is 1 cwt., in case of equilibrium. 

By Art. 30, equation (1), 

r's vel. _ axexf _ 16 x 18 x 24 _ 576 
w's vel. ~ S X c X i ~ 2 X 2 X 3 ~ 1 ' 

that is, p's vel. ia to w's vel, a« 576 is to 1 ; and consequently 
when p = 1 cwt., w = 576 cwt. = 28 tons, 16 cwt. 

J5r. 2. — In a train of three wheels and their pinions, (see 
last fig,,) the number of teeth in the wheels are reapectively 
56, 64, and 96, and the number of leaves in the piniooB 
respectively S, 12, and 16 ; required the number of revolu- 
tions made by the last pinion while the first wheel turns 
once round ? 

By Art. 31, H = —T — -^ — -7; = 224 = number of revoL 
•' ' 8 X 12 X 16 

hlll-wobk:. 

I 32. The subjoined fig. shows the 
' construction 01 mill- work, and large 
machinery, previous to the intro- 
duction of cast-iron wheels. The 
wheel A. is formed of wood, aa 
shown in the fig.; equidistant 
mortices are pierced through the 
rim to insert the teeth or coot, as 
I they are called when made of 
separate pieces, which are also of 
well-aeaaoned hard wood. The 
pinion b is formed by inserting the 
extremities of small wooden cylin- 
ders into equidistant holes, in two 
parallel discs attached to its axis 
or shaft, thus forming a kind of 
cag^i which is called a lantern, the 
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eylln^cal teeth being called its ttavei or rounds. This 
eonatruction is very Btrong, and the circular form of its 
staTee KtreB it the advantt^ of a -very smooth motion. — This 
kind of vheel and lantern is still reiy common in old mille.— 
JVq^ WK/w'« Mechanitm, Art. 54. 

33. " The above conetruction of a toothed wheel has been 
partly imitated in modem mill-work, for it is found that, i^ 
m a pair of wheels, the teeth of one be of cast-iron and in 
the other of wood, that the pair work together with much less 
vibration and consequent noise, and that the teeth wear each 
other leas than if both wheels of the pair had iron teeth. 
Hence, in the best modem engines, one wheel of every 
large sized pair has wooden cogs fitted in it, in the manner 
just described ; only, instead of employing a wooden wheel 
to receive them, a cast-iron wheel with mortices in its rim 
is employed. Large wheela of the kind hitherto described, 
in which the teeth are placed radially on the circumference, 
whether the teeth be of one piece with the wheel or separate, 
are termed spwr-wfteefe." — Prof. Willi«'iMeehani*m,Art.6S. 



AmnVLAM WHXXIS. 

34. "When wheels transmit motion to 
one another, as in the annexed fig., they 
are called annular wheels, the teeth in 
the large wheel being cut in the internal 
aide of the annulus or rim ; hence tie 
two axes revolve in the tame direction, 
whereas they revolve in contrary diree- 
tion* when the teeth are on the outside 
of the rim. The arrangement shown 
in the fig. is Bometimes required in 
' machinery. 

AUOUI-AK TELOCITT. 

34a. Let Robe the radius ofawheel 
revolving round O aa a centre j let o e 
move to the position B in one second, 
then the length of the arc b a is the 
velocityofthepointaofthe wheel. Let ^ 
a point m, one foot &om the centre o. 



describe the arc m n, meeting o b in ff ; then the length of 
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the arc mnia the measure of the angular velocity of the 
wheel. 

Let the length of the radius B o = r, t = velocity of the 
point B, and v =s the angular velocity or measure of the arc 
mn; then by similar sectors, 





r : Y :: 1 : V, 




whence, 


r y = V. 


(1) 


and 


V 

«? = -; 
r 


(2) 



whence, by knowing the velocity of the circumference of a 
wheel, of which b o is the radius, its angular velocity 
becomes known. 

Also let n = number of revolutions made by a wheel iu 
a second or any other given time, and put 7r= 3-1416 = semi- 
circumference of a circle the radius of which is unity ; 
Tf v and V representing the same things as before j then, 

circum. of wheel = 2 «• r, 

and vel. of circum. of wheel = 2nvr, 

that is, V = 2nirr, (3) 

and ^ = o~ (^) 

But since Yz=zrv from equation (1), we shaU have by 
substitution, 

rv V 

and V = 2irn (6) 

See Frofessor Willis's Frincijples of MecJianism, Art. 11. 

Example 1. — Let a wheel, the radius of which is 10 feet, 
have a velocity of 12 feet per second at its circumference j 
required its angular velocity ? 

In equation (2), by substituting 10 for r, and 12 for t, 
that is, 

, T 12 , , ^. 

vel. y = - = — = 1 J fb. per second, 
r 10 ^ 
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JSr. 2. — The driying-wheel of a locomotive engine, the 
radius of which is 3 feet, makes three revolutions in a 
second; required the rate of motion of the locomotive 
engine per hour in miles ? 

By equation (3) the velocity of the circumference of the 
wheel is 

v=2 IT « r=2 X 31416 X 3 X 3=556488 feet per second ; 

hence the distance passed over by the wheel in 1 hour, or 
3600 seconds, will be 55*5488 x 3600= 199975 feet ; which, 
being divided by 5280, the number of feet in a mile, gives 
87-^ miles nearly. 

Ex. 3. — The radius of a wheel is 8 feet, and its angular 
velocity 5 feet ; required the velocity of its circumference ? 

Ana, 40 feet. 

JE5r. 4. — In a train of three wheels and their pinions, (see 
fig. to Art. 31) the nimiber of teeth in the wheels t t' t" 
are respectively, 112, 128, and 96, and the number of leaves 
in the pinions t, ^', f are respectively 12,8 and 14 ; required 
the number of revolutions made by the pinion t" while the 
wheel T turns once round, and the anguhir velocity of the 
pinion f when the velocity of the circumference of T is 
3 feet per second ? 

JEx, 5. — A locomotive engine moves at the rate of 60 
miles per hour ; required the number of revolutions made 
per second by the driving wheel of the engine, its radius 
being 3 feet ; also the number of revolutions made by a 
common wheel of the same engine in the same time, its 
radius being 20 inches ? 



MOTION BY BOLLHra COITTACT — ^AXSS NOT FABALLEL. 

35. K the two axes of rotation be not parallel, they will 
either meet, when prolonged, or not ; these cases shall be 
considered separately. 



BEVEL OEAE. 

36. Aaes meeting when prolonged, — Let the axes of rota- 
tion B &, c (? meet, when prolonged, in a. On these axes two 
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right cones ae<?, ab^ the vertices of which meet in a, 
are formed, touching each other in the line a « b. "When the 
cone A E ^ revolves on its axis b h, it will transmit a rotatory 

motion to the cone a b/ on its axis 
ochj rolling contact. In practice 
thin frustums or frusta of the cones 
are used, asJn^B, ^e/^b. 

As these conical surfaces will evi- 
dently roll freely against each other, 
they will perform their rotations in 
the same manner as the cylindrical 
wheels in Art. 25, that is, if b and 
r be the radii of the frustums at 
any point where they are in contact, and n the number of 
revolutions made by e e/f while £?d c B makes one revolution; 
then 

B circum. e d 




y = -or,= 
r 



circum. vf 




To mamtain adhesional contact more firmly-, the sm&ce of 
one or both rollers may be covered with thick soft leather, 

but it is more common in 
practice to cut equidistant teeth 
on each surface, the outline of 
the teeth being directed to the 
common vertex a of the two 
cones A D E, A E F, as shown in 
the fig., DE, BE being the wheels 
and B, their axes. 

37. Wheels having their teeth cut, as in the fig., arei called 
level gea/r ; their mathematical principle was first laid down 
by Camus in 1766. 

38. The position of the axes of two bevel wheels, and their 
radii hevng given, to construct the conical swrfaces forming the 

wheels. 

Let A B, A be the position of the two 
axes. Draw dh, ec respectively parallel 
to A B, AC, and at distances equal to the. 
radii of the wheels, let dh, ec meet in b ; 
join A B, which is the line of contact of 
the two cones. Through b respectively 
perpendicular to a b, a o draw tne outer 
diameters bd, bf of the two bevel 
wheels ; join ad, a f ; then a n b, a e f 




WHEEL-WOSK. 
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will be sections of the required cones, from which any con- 
Yeoient breadths Bm, on maj be tiiken for the thickness 
of the wheels. 

CEOWK WHEELS. 

39. Itotation is transferred from 
one axis to another, which is at 
right angles to it, by means of a 
crown-wheel, as B, which gives 
motion to the wheel or pinion a. 
The teeth of the crown-wheel, it 
will be seen, are cut in the edge 
of the hoop, which forms its rim. 
This combination of wneels is 
much used in clocks and watches. 





Ei.CE-WHS£L A.TfD LA:NTEEN. 

40. Also, when the axes of the wheels are at right angles 
to each other, and one of 
them is required to revolve 
much quicker than the 
other, the form of a cylin- 
drical lantern was usually 
given to the less wheel, as 
▲, the teeth of the large 
wheel, as b, being fixed in 
its face, hence the name "face-wheel." 

This arrangement of the wheel and pinion, as well as that 
iQ Art. 82, has long been, and still is, much used in old 
mills. !For farther information on this and like subjects, 
see JPrqf, WillWs JPrvncvples of Mechamsm, Arts. 61, 62, 
and 68. 

betel-qeab, axes sou meeting. 

41. Aais not meeti/ng when prolonged, — This case admits 
of solution by means of a third intermediate cone. 

The position of two axes, which do not meet when prolonged, 
heing given, to construct bevel-wheels to transmit rotatory 
motion from the one to the other. 

Let A a, B & be the two axes, take a third line meeting the 
two axes, prolonged, if necessary, at any convenient poruts 
and D respectively; and let another axis be formed in 
the direction of this third line to revolve between the other 
two axes. 'Soyr a pair of frustums e,f, of cones, having a 
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common rertei o ; and another pair of fimatumB g, \ having 

a common vertex q, will be thus formed, of which the 
fruatumsy^ are filed on one am D, 
which fmatuma will communicate 
motion bj rolling contact from e to 
h, and teeth may be formed on the 
conical surfaccB e,f,g,'h,9»'\a former 
g cases. Moreover, it is obviona that 
the wheel A will transmit the same 
ratio of velocity to the wheel e as 
if they were in contact, and the 
equation in Art. 36 will equally apply 
in this oase. It vrill be perceived 

that in thia case the wheels e and A revolve in the same 

direction. 



IDLE V 

42. A wheel placed between two other wheels, as that on 
the axia O s, between those on the axes as, b &, is termed an 
idle tckeel, whether the axes of the wheels are inclined to 
one another, aa-in the fig,, or all parallel. An idle wheel, as 
appears from Art, 41, does not affect the velocity ratio of 
the two wheels with which it is in contact, but causes them 
to revolve in the same direction. 



43, The axes of wheels, whether they be parallel or 
inclined to one another, may 
he made to revolve either in 
, the same or opposite direc- 
tioDs, according to the relative 
positions of the wheels. Thus, 
in the marginal fig,, the in- 
termediate bevel-wheels B and 
E, mounted on the same axis, 
connect the driying-wheel a with the wheels o and d ; of 
which the wheel c revolves in the same direction as a ; and 
the wheel » in the contrary direction. 




44. When the shafts of two wheels a and b, whether 
parallel or inclined, are bo close together that the wheels 
cannot be placed with their teeth in contact without tnnlting 
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them too small, they may be fixed as shown in the annexed 
fig., BO OS to lie one behind the other, 
fneconnexion being formed by the idle 
Mheel c, the tbickneaa of which muBt 
be double that of the wheels it con- 
nectB. This arrangement is used in 
tie roller firames of epiDniug machi- 
nery. 

BEEW BETEt- WHEELS. 

45. When the axes of two wheels are inclined to each 
other, without meeting when prolonged, inBtead of an inter- 
mediate double bevel-wheel, as in Art. 41, the fruatums, 
derived from the tangent conea of a pair of hjperboloids, 
may be employed. The direction of their teeth must be 
indined to the base of the frustums, to enable them to come 
in contact. From the inclined position thus given to the 
teeth, wheels of this kincl have obtained the name of Skew 
Btnelt. These wheels are not much used on account of the 
difficulty of their construction. 

For the method of forming skew bevel-wheels, and 
marking out the teeth upon them, see Prof. WilUt't 
Principles of Meahami»m, Arta. 47 and 67. 

THE BACK AND PINION. 

46. The combination, in the annexed fig., may be con- 
sidered the connecting link between wheel-work and the 
lerer, and is the most simple machine of the kind for 
producing a continuous vertical 

motion with great power. " In 

thifl machine the axis of motion 

a c forms the fulcrum of a lever 

whoBe longer arm cA ia called 

the winch, and deacribea a 

complete circle; the shorter 

itrm is repeated in the figure 

8 times, forming the 8 leaves 

OT teeth of the pinion, Mid 

there ia always one of these 

fmployed in lifting by one of | 

ita teeth the rack b o to which , 

the load or other resistance is ' 

sppUed. Thus, as soon as one 

of these short arms of the lever has done its work, another 
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is ready to supply its place; and though each lifts the 
weight only through a very small space, the entire range is 
limited only by the length of the rack. But in lifting the 
weight through this range, the hand at a must describe 
altogether a space much greater, viz. in the proportion that 
the circimiference dab exceeds the height occupied by 
8 teeth of the rack." 

Let B = length of the winch c a = radius of the circle 
DAD, and r = radius of the pinion, p = power appHed to 
the handle a of the winch, and w = weight raised by the 
rack B c ; then, since the p and w act perpendicularly to 
the arms of the lever, formed by the winch and pinion, we 
shall have by Art. 16, in case of equilibrium, 

p X B = w X r, 

p XB 



or w = 



JErflww^Ze.— -Let e = length of the winch = 18 inches, 
r = radius of pinion = 2 inches, and p = 160 lb. = power 
that can be exerted by a strong man ; required the weight w 
that can be raised by the rack and pinion? 

^ PXB 150x18 ^«^^„ ^« , ^,, 
Here w = = — = 1360 lb. = 12 cwt. 6 lbs. 



CHAPTER IV. 



ON PITCH— THE TEETH OF WHEELB— ODDOEOKB— COUFLINOS OF 
AXLEB— HOOKE'B JOINT— FRICTION WHEELS— ENQAGEMEHT AND 
DISENOAOEMBMT OF UACHINEBY— CONCENTBIC WHEEL B. 

47. He eubjoined fig. repreaents portionB of a driving- 
wheel and ita pinion, with the teeth formed on them in the 
most uBunl manner ; a and b the centres of the wheel and 
pinion respectively. The line a b joining the centres of the 
wheels ia called the 
Uneofcentret, and the 
two circles UTir, mxn 
are called the pitch 
GiBCLBS; these two 
circles touch each 
other upon the line of 
centres at t, their 
centres being the cen- 
tres, and are respec- 
tively of the same 
diameters as those of 
cylinders, the rolling 
contact of which would 
be the same as that 
produced by the in- 
troduetiou of teeth. 
The pit«h circle have 
always their radii pro- 
portional to the num- 

Der of teeth in their respective wheels. The circumference 
of the pitch circle is divided into the same number of 
equal parts as the number a£ teeth required in the wheel ; 
the length of one of these part^ is called the pitch of 
the teeth, each part conttuning "the exact distance occu- 
pied by one complete tooth and tpaee." The word space 
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technically means an opening between any two consecutive 
teeth. 

Let p = pitch of the teeth, n = number 
d = diameter of the pitch circle, and ir = 3*1416 = 
of a circle to radius^ then, both the following products 
are equal to the ciiRcnference of the pitch circle, and 
therefore equal to one another, that is, 

» 

9r ^ = np ; 

from which equation, if any two of the three quantities 
p, dy «, be given, the third may be found ; thus, 

d=-^ (1) 

vd 
n = — (2) 

, n d 

andj? = — (3) 

n 

Only a given numiber of standard values are used for^, 
or the pitch of the teeth, in cast-iron wheels ; the values 
most commonly used are i, J, i, I, I, li, li, li, 2, and 3 
inches ; and it rarely happens that any intermediate values 
of the ijitch of the teeth are required. Por machinery 
of less size, as clocks, watches, &c., (he wheels are not cast, 
but cut out of discs of brass or steel by a cutting engine. 
In conical or bevel-wheels the pitch circle is the base of the 
frustum. 

Example 1. — A spur-wheel is required to have 60 teeth ; 
required the diameter of the pitch circle^ the pitch of the teeth 
being 2 inches? 

By equation, (1) : 

J = — = r^TTTT; = 38*196 inches, the diameter required. 
TT 31416 ' ^ 

JSr. 2. — The diameter of the pitch circle is 24 inches, and 
the pitch of the teeth 1\ in. ; required the number of teeth 
in the wheel? 

By equation, (2) : 

frd 31416x26 „ 1. r^ xi. 

n = — = 71 = 60 = number of teeth. 

p It 
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JEx. 3. — A wheel is 61 inches in diameter and has 96 
teeth ; required the pitch of the teeth P 
By equation, (3) : 

ird 31416x61 o- 1. ^1. -^1.* -J 
/? = — = ^x = 2 inches, the pitch required. 

48. To find the ntmber of teeth and diameter of the pitch 
circle by Willis's Table, Art. 73, Frin, of Mecha/nism. 

Example 1. — A wheel has 21 teeth of 2-in. pitch ; required 
the diameter of the pitch circle? 

Here the factor, in the third column of the table, cor- 
responding to the given pitch is '6366, which multiplied by 
21 gives 13*35 inches, the diameter required. 

Ex, 2. — The teeth of a wheel 4 ft. diameter are li in. 
pitch ; required the number of teeth? 

Here the factor, in the second column of the table, cor- 
responding to the given pitch is 2*5132, which multiplied 
by 48, the diameter in inches, gives 120, the number of 
teeth required. 

THE TEETH OF WHEELS. 

49. The formation and arrangement of the teeth of 
wheels constitute an important and interesting branch of 
this subject, and many eminent mathematicians have there- 
fore been led to investigate the nature of the curve which 
should form the flanks of the teeth of two wheels revolving 
in contact, so that the force may be conveyed from one 
wheel to another with a constant velocity ratio, and with the 
least friction or rubbing. The curves that have been found 
the most effectually to answer the required conditions are 
the epicycloid and the involute of the circle. Learned 
investigations on this subject are given in Prof Willises 
Mechanism and Buchamm's Treatise on Machinery ; but as 
these curves are not easily described, and as the small 
portions of them, which are required in the length of a 
tooth of a wheel, wUl make so near an approach to an arc 
of a circle that the difference is practically imperceptible, 
these arcs are therefore now commonly used for the purpose, 
taking care to determine correctly the radius of curvature, 
and the position of the centre of the arc. For this purpose 
Prof Willis has invented an instrument which he calls the 
Odontoyrcwh, or tooth-describer, by which the circular arcs 
for the maxka of the teeth of wheels are expeditiously 
described, and with sufficient accuracy for practical purposes. 
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This instrument is at present used in most of the best 
factories with complete success. 

THE ODOITTOGBAPH. 

" The opposite figure represents the Odontograph exactly 
half the size of the original ; but as it is merely formed out 
of a sheet of card-paper, this figure will enable any one to 
make it for use. The side N t m, which corresponds to the 
line Dy in the following figure, is straight, and the line 
T c makes an angle of exactly 75° with it, and corresponds 
to the radius a d of the wheel, the side n t m is graduated 
into a scale of half inches, each half-inch being divided into 
ten parts, and the half-inch divisions are numbered both 
ways from t." • 

50. " One example wiU show the method of using this 

instrument. Let it be 
required to describe the 
form of a tooth for a wheel 
of 29 teeth, of 3 inches 
pitch. Describe from a 
centre a, an arc of the 
given pitch circle, and 
upon it set off d e, equal 
to the pitch, and bisected 
in m. Draw radial Hues 
DA, EA. For the arc 
within the pitch circle 
apply the slant edge t o 
of the instrument to the 
radial line a d, placing its 
extremity d on the pitch 
circle, as in the figure. In 
the table headed, Centers 
for the Monks of Teeth, 
look down the column of 3 inch pitch, and opposite to 30 
teeth, which is the nearest number to that required, will 
be found the number 49. The point y indicated on the 
drawing-board by the position of this number on the scale 
of equal parts, marked Scale of Centers for the FhmJcs of 
Teeth, is the center required, from which the arc m^ must 
be drawn with the radius gm>. The center for the arc mn, 
or face, which lies outside the pitch circle is formed in a 
manner precisely similar, by applying the slant edge of the 
instrument to the radial line e a. The number 21 obtained 
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TABLES 


SHOWING THE PLACE 


OP THE 




CENTEBS UPON THE SCALES. 


CBNTBB8 POB THB FLANKS 


OF TEETH, 


^■O 






Fitch in Inches. 




•§2 












r 




1 1 




^ 


»•§ 


1 
129 


11 
160 


li 
193 


1* 
225 


2 
257 


2i 
289 


2* 
321 


3 

386 


13 


14 


69 


87 


104 


121 


139 


156 


173 


208 


15 


49 


62 


74 


86 


99 


111 


123 


148 


16 


40 


50 


59 


69 


79 


89 


99 


191 


17 


34 


42 


50 


59 


67 


75 


84 


101 


18 


30 


37 


45 


52 


59 


67 


74 


89 


20 


25 


31 


37 


43 


49 


56 


62 


74 


22 


22 


27 


33 


39 


43 


49 


54 


65 


24 


20 


25 


30 


35 


40 


45 


49 


59 


26 


18 


23 


27 


32 


37 


41 


46 


55 


30 


17 


21 


25 


29 


33 


37 


41 


49 


40 


15 


18 


21 


25 


28 


32 


35 


42 


60 


13 


15 


19 


22 


25 


28 


31 


37 


80 


12 


• • • 


17 


20 


23 


26 


29 


35 


100^ 


11 


14 


• • • 


• • • 


22 


25 


28 


34 


150 


• • • 


13 


16 


19 


21 


24 


27 


32 


Back. 


10 


12 


15 


17 


20 


22 


25 


30 


i 


3EKTI 


!BS F( 


>R THE FACES 


F TBI 


BTH. 




12 


5 


6 


7 


9 


10 


11 


12 


15 


15 


• • • 


7 


8 


10 


11 


12 


14 


17 


20 


6 


8 


9 


11 


12 


14 


15 


18 


30 


7 


9 


10 


12 


14 


16 


18 


21 


40 


8 


• • • 


11 


13 


15 


17 


19 


23 


60 


• • • 


10 


12 


14 


16 


18 


20 


25 


80 


9 


11 


13 


15 


17 


19 


21 


26 


100 


• • • 


• •• 


• • • 


• • • 


18 


20 


22 


• • • 


150 


■ • • 


• • ■ 


14 


16 


19 


21 


23 


27 


Rack. 


10 


12 


15 


17 


20 


22 


25 


30 





















p 



D 

3 



a 






150 



140 



190 



5- 120 



110 



cr 

CD 

3 100 



N 



N.B. This fignre is half the size of the original. 
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from the lower table, will indicate the position / of the 
required center upon the lower scale. In using the instru- 
ment, it is only necessary to recollect, that the scale 
employed and the point m always lie on the two opposite 
sides of the radial line to which the instrument is applied. 
The curve n mp is also true for an annular wheel of the 
same radius and number of teeth, n becoming the root and 
p the point of the teeth. Eor a rack, the pitch line d s 
Decomes a right line, and n a, e a, perpendiculars to it, at 
a distance equal to the pitch. 

Numbers for pitches not inserted in the tables may be 
obtained by direct proportion from the column of some other 
pitch : thus for 4-inch pitch, by doubling those of 2-inch, 
and for half-inch pitch by halying those of inch pitch. Also, 
no tabular numbers are given for twelve teeth in the upper 
table, because within the pitch circle their teeth are radial 
lines.* ''—Frof. Willis's Mechanism, Arts. 142 and 143. 

* " In fact, in the actual instrument I have inserted columns for ^, 
I; h i) 3« ^^cL 3^ pitch, which are omitted in the fig. for want of room, 
and are indeed scarcely necessary, as the numbers are so easily obtained 
from the columns given. 

It is unnecessary to have numbers corresponding to every wheel, for 
the error produced by taking those which belong to the nearest as 
directed, is so small as to be unappreciable in practice. I have calcu- 
lated the amoimt and nature of these errors by way of obtaining a 
principle for the number and arrangement of the wheels selected. It 
is unnecessary to go at length into these calculations, which result 
from very simple considerations, but I will briefly state the results. 

The cUfference of form between the tooth of one wheel and of 
another is due to two causes, (1) the difference of curvature, which is 
provided for in the Odontograph by placing the compasses at the 
different points of the scale of equal parts, (2) the variation of the angle 
DAB (fig. to Art. 60), which is met by placing the instrument upon 
the two radii in succession. The first cause is the only one with which 
these calculations are concerned. Now in 3 inch pitch the greatest 
difference of form produced by mere curvature in the portion of tooth 
which lies beyond the pitch circle, is only '04 inch between the extreme 
cases of a pinion of twelve and a rack, and in the acting part of the arc 
within the pitch circle is *1 inch, so that as all the other forms lie 
between these, it is clear that if we select only four or five examples 
for the outer side of the tooth and ten or twelve for the inner side, 
that we can never incur an error of more than the ^^th of an inch in 
8 inch pitch by always taking the nearest number in the manner 
directed, and a proportionably smaller error in smaller pitches. But 
to ensure this, the selected numbers should be so taken, that their 
respective forms shall lie between the extremes at equal distances. 
Now it appears that the -variation of form is much greater among the 
teeth of small numbers than among the larger ones, and that in fact 
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GTTDaEONS. 

51. The circular portions of shafts or axles, upon which 
wheels revolve, are caUed gudgeons. 

The gudgeons in cast-iron axles are simplv parts, or the 
extremities, of the axles turned exactly circular in a lathe. 
The circular aperture, in which the gudgeons turn, are 
called hras8e9 ; which are made of a composition of copper 
and tin, and are very durable as well as not readily worn by 
the friction of the iron axles. The beams in which the 
brasses are fixed are called hearings. 

62. When iron gudgeons are fixed in wooden axles the 
connection will be secured in the most durable manner by 
forming the gudgeon g with cross-flanges 
a, b, e, d, upon it ; these flanges are let into 
the end of the wooden axle, by means of a 
mortise made for the purpose, the cross- 
flanges being wedge-shaped, and having the 
&ont edge thinner than the back, that it 
may be driven tightly into the end of the 
axle, which is bouna with a strong iron 
hoop to prevent the gudgeon from slipping. 

53. In vertical axles, whether of wood or cast-iron, the 
lower ends of the gudgeons (which have to support the 
weight of the axles, &c.) are made of a hemispherical form. 

COUPLING OP HOBIZONTAL AXLES. 

64. "WTien motion is to be conveyed by an axle to a 
considerable distance, or when the motion of a part of the 
axle is occasionally required to be discontinued, a cowplvng 
of the following form is commonly 
used. The axles a and b are ter- 
minated with circular ^j^eads m and 
«, on which projections and in- 
dentations are formed, so that the 

the numbers in the two following series are so arranged that the curves 
corresponding to them possess this required property. 

For the outer ade of the tooth, 12, 14, 17, 21, 26, 34, 47, 73, 148, Rack. 

For the inner side, 12, 13, 14, 16, 16, 17, 19, 22, 26, 33, 46, 87, Rack. 

Now these numbers, although sirictly correct, would be very incon- 
venient and uncouth in practice if employed for a table like that in 
question, where convenience manifestly requires that the numbers, if 
not consecutive, should always proceed either by twos or fives, or by 
whole tens, and so on. They are only given as guides in the selection, 
and by comparing them with the actual table, their use in the formation 
of the first column will be evident." 
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former sball exactly fit into the latter, as shown in the fig. 
The gudgeon ^f of the axle a rests on its journal c ; some- 
times the axles on both sides of the coupling rest on journals. 
"When the axles are required to be disengaged, one of them 
is moved in the direction of its length, till the projections 
of m be cleared of those of n. 

Note, Various forms for the coupling of axles have been proposed, 
(See Bwikanom on Machmery) but none of them have been found so 
efficient as the one here shown ; for should the bearings yield slightly 
through any settlement of the building or other cause, this coupling 
will admit of the derangement, and still transmit the motion from one 
axle to another. 

COUPLING OF VEBTICAL AXLES. 

55. Here a represents part of the imder 
shaflb or axle, b the lower end of the upper shafb, 
the journal; the termination of a is made 
square, to correspond with which there is a 
socket formed in b, which answers the purpose 
of a coupling-box. The shaft b is disengaged 
by lifting it vertically with a lever. 

Note. This is a very good and simple mode of coupling upright 
shafts. It is held together by the weight of the shaft B, together with 
that of the wheels that may be upon it, and is not' apt to get loose in 
the socket^ which is found to be tiie case when this kind of coupling is 
used for shafts lying horizontally. A great many other schemes for 
couplings have been introduced, for which see Bv^chcman on Machinery, 
but the one just described is considered the best. 

hooke's joint. 

56. This joint, usually called the tmwersal joint, furnishes 
another method of coupling axles, which are not exactly in 
the same direction, but which meet when prolonged. This 
joint has to a certain degree the property of being flexible 
in all directions. The two axles arc a a and b b, the ends 
of which are formed like forks, which work on pivots at 

the extremities of a cross ODcd, as 
shown in the fig.; sometimes the 
pivots are fixed at right angles on 
the circumference of a hoop, or on 
the surfistce of a solid balL The 
moving parts are evidently alike in 
all these cases. 

Note. This joint is sometimes used to transmit motion instead of 
bevel gear, where the angle of the shafts does not exceed 20 or 25 
degrees, and where the number of their revolutions are to be the same ; 
also where exact equalily of motion is not required ; for as the shafts 
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recede from a riglit line, its motioii beoomM irregolar. Id these caiea 
this joint IB mu<^ used for couplinga ; aa it allows for the inaccurac; 
vbich arises from the settling of framing or the wearing of brasses, in 
which cases do irregularity of motion can arise to be hurtful in practice. 
In thraahing machines it ia alsc used in the axles of tho upper rollera, 
to allow them to rise and foil acoording to the rar jing thicknesa of the 

57. "When Hooke'a d&uile univermi 
joint is used, a much greater inclination 

of the flhafts can be admitted ; care, 
however, must be taken that the two 
shaHie ao, b &, may meet when proloaged, 
and that the angles tbej make with tbe 
intermediate piece c s maj be equal. 

TEICTION TTHEELB. 

58. Thesewbeels are used' in delicate pieceeof mecbanism, 
where it is required to reduce the friction of the gudgeons 
of the wheels as far as possible. 

Sere the gudgeons of the large 
wheel rest between four friction 
wheels. As tte large wheel re- 
volves, its gudgeons communi- 
cate by rolling contact a slow 
motion to the four friction wheels, 
BO that the &iction ia transferred 
to the gudgeons of the four 
Mction wheels, thus greatly re- 
ducing the friction by the slowness of the motion of the 
&ictioa wheels as well as by throwing the pressure of the 
rubbing surface on eight gudgeons instead of two. 

THS ENGASXMEHT AND DISEKOAOEUEKT OF HACHINBBY 



59. If order to engage or disengage machinery when in 
motion, one of the wheels, instead of 
being fast to tlie axle, has a round bush 
like a loose pulley, and a clutch or 
bayonet, which connects it with its axle ; 
thus the wheel a has a bush, and works ' 
on a round part of the shaft b ; the j 
clutch D slides on a square part o of the 
same axle, and is engaged or disengaged 
at pleasure, by means of the lever x p j 
when the teeth of the clutch d are thus 



' when m 
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made to engage the corresponding teeth fixed on the side of 
the wheel a, then a and D revolve together. 

60. Wheels are often disengaged and re-engaged by 
means of one of the Dridges 
A B, which carries the end 
of the shaft nearest the 
wheel, the bridge a b acting 
as a lever having its Ailcnun 
at B ; the other end a is 
moveable, and is raised b^ 
applying a lever at 0, and is 
held out of gear by a wedge 

or by a catch under the end of the bridge. 

Nolt. When a machiDS ii in motion, ws may, with perfect safety, lift 
a wheel out of gear ; but in throwing wheels info gear, when in motion, 
there is a great risk of breaking the teeth; it is nevertheleea often 
done. The risk of breaking the teeth is much leas when the wheel to 
be thrown into gear is previouatj set in motion by the hand, as the 
inertia of the wheel ia obnously lesaened. 

61. The Sliding Pttlle^* is one of the oldest schemes for 
engaging and disengaging a machine moved by a band or 

belt. The pulley p, which givea motion to 
the machine, is not fixed on the axle a b, 
but has a boUow cylindrical buah made of 
metal, accurately fitted to the axle, so that 
it may revolve freely upon it, and slide a 
little backward and forward. In order to 

imake the pulley p carry roimd the axle a b, 
there is a cross-piece or gland D x firmly 
- fixed to it. On the side of the pulley 
towards the cross-piece s e, there ia one or 
more teeth t, and when p ia moved towards 
B E by the lever a c, the teeth lay hold of 
it, and thereby carry round the axle. By sUding«t back- 
wards, the teeth t are disengaged from s e, of course the 
pulley stops, aud with it the machine to which it gives 
motion. 

62. ^Ehat and Loose Pullej/g. — The pulley b ia fiied to 
the axle a, and the pulley c, having a bush, ia loose ; the 
belt or band, which conveys the motion, may be shifted from 
one pulley to the other either by the band or by a lever. 



* Them 



re of the pulley is explained in (he following chapt«r. 



ENOAOEUENT ASD DI8ENOA&EUENT 0? HACHINllBT. 89 

When running on the loose pulley o, the axle atanda still ; 
when on the fast pulley b, the axle reTolves. 

Note. Thia contrivuice of the &e( and looee pul- 
leys U remarkable for its beautiful suaplicity ; the 
engagement or dieengagement of the machinery is 
attended b; no shock, and it is perhaps the most 
perfect thing yet invented for the purpoee, in all 
cases where it can be applied. Its applicatioQ in 
cotton-milU is now general, and the Bpinoing mules 
were never found to gire satiaiaction until it was 
^iplied. 

63. Flff Wheel Coupling. — The inarginal figure repre- 
sents a coupling, which ia frequently used to convey motion 
from the fly-wneel shaft of a steam-engine ; [_ 
and is so contrived, that in case the fly should ■■ 
turn the wrong way, the mill-work remains at °EMd 
rest, and thus prevents accidents. This effect pB 

is produced by means of a joint c, on the arm bI-I 
B, reBerabling the joint of a carpenter's rule. ^Fjil. 
When the fly-wheel turns the proper way, the ^^B^^E 
arm j», on the end of the fly-shaft a, acts ^^W^^^ 
against the face of the arm s, on the mill- a^ 

shaft !■ ; and as the joint does not yield in that direction, 
the mill-shaft ia carried round with the fly-ahaft; but if, 
from any accident, the fly turns the wrong way, the arm d 
strikea the back of the arm b, the joint yields, and the mill 
remains at rest. 

64. Engagement of Wheels revolving in opponte directions. 
— The two beyel-wheels a and b reTolye loose upon bushes 




on the axle M if, and are driven in opposite directions by the 
bevel-wheel o ; either of these wheels a b may be engaged 
with the axle u n by means of the sUding-piece s bemg 
raised or depressed by the double lever h r k l, which turns 
on the fulcrum r. The sliding-piece s being thus made to 
lay hold of the teeth a a or bb, the axk m h may be 
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respeotiTely made to revolye in opposite directions. An 
exceutric wheel or camb e, moved by the machinery, may be 
used to move the lever, and bring a. and b alternately into 
gear. 

COKCEHTBIC WHEELS. 

65. Two separate wheels i. and b may revolve concen- 
tricalLy, that is, on the same axle ; the 
wheel B is fixed to the axle c, and the 
wheel A to a tube or cannon d, which 
turns ireely on c e, both a. and b being 
turned by b, the three cones having a 
common apex^. It will be seen that A 
aud B revolve in opposite directions ; and 
since b is an idle wheel, the velocity 

ratio of B to A will depend -on their respective number of 
teeth. 

66. The Sim- and Mnute Sands of a Clock or Watch. — 
In this case the concentric wheels are required to revolve 
in the same direction, aud four wheels are necessary. The 
wheel E is fixed to the axis f, and the wheel y to a 
cannon C revolving freely on the axis f. The minute 
himd u is fixed to the axis f, and the hour hand to the 

The driving wheel communicates motion to the 

wheels e and F, which are fixed on the same 

I axis, and f communicates to the cannon c. 

Let E have 12 teeth, e 36, f 10, and / 60 ; 

then, by Art. 30, 

e'b vel. _ m'b vel . _ 36 X 40 _ 12 
/'s vel. "" h's vel. ~ 12 x 10 ~ T' 



Nok. Yarious other numbers may be given to tbe 
teeth of the wheete to produce the same result ; thus, 
if the wbeeli b e baie equal mimbera of teeth, the wheal /must have 
12 times the number of the wheel F. 
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CHAPTEE IV. 



67. A Pull^ is a Bmall wheel a b moveable about an axis 
psBBing througli its centre o ; in the cJrcamiereace of the 
wheel IB a groove to admit a rope or flexible chain. The 
pulley is called fixed or moveable, according as 

its axis is fixed or moveable. A force p ■ 
drawing the cord p a b w causes the pulle;^ to I 
turn on its axis 0, and draw up the weight w, I 
attached to the other end of the cord, the I 
weight V ascending through a space eqiial to I 
the descent of the force or power p, and the I 
space described by the circumference of the I 
pulley being equal to the apace descended by p. 

68. An.£W2es«Cbr<for.Bfint/ passes round the fixed pulleys 
or wheels a and b (fig. 1), and when one of the. wheels, as 
A, is turned round, motion ia transmitted by the band to the 
wheel B. The circumferences of the wheels have the same 
velocity, since the band is in continued contact with both 
A and B ; therefore, if H be the number of revolutions made 
by the wheel b, and r its radius, n the number of revolutions 
made by the wheel a, and b its 
radius; then 



-=; (1) 

or the number of revolutions, made 
by the wheel b, while a makes one 
revolution, (since in this case n = 1), 
will be 

»=; »• 

If the wheels be equal they wUl 



.'^i ^ <^^ 
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revolve round in the same time ; for if in equation (2), B = r, 
there results n = 1. 

The band may be direct, as in fig. 1, or it may be crossed, 
as in fig. 2. In the former case the wheels a and b will 
both turn in the same direction, and in the latter case the 
wheels a and h turn in opposite directions, 

69. When a thick band is passed over a wheel, its inner 
surface is compressed, while the outer surface is extended, 
the centre of the band alone remaining in the original state 
of tension ; hence the radii of the wheels, to which rotation 
is imparted by the band, are extended by half the thickness 
of the band, which half thickness must be added to each of 
the radii in computing the ninnber of revolutions. Let 
t =: i thickness of the band, then equations (1) and (2) 
become respectively, 

IT B-f^ B + f 

-= (3) N = (i). 

n r + t ^^ r^t ^^ 

'Example 1. — A pulley a of 8 inches radius communicates 
rotatory motion to pulley b of 2 inches radius, by means 
of a thin band ; how many revolutions wiQ be made by b 
while A makes one revolution ? 

By equation (2), Art. 68, 

w = number of revolutions = - = - = 4. 

r 2 

Ex. 2. — When the motion of the pulleys a and b, in the 
last example, is communicated by a cord 1 inch in thickness ; 
required the number of revolutions made by b while a makes 
one revolution ? 

Here the \ thickness of cord t'=-\ inch must be added to 
each of the radii of the pulleys, whence by equation (4), 
Art. 69, 

K = number of revolutions = — -— = r — \ = -— = 3f , 

which is f of a revolution less than in Ex. 1, arising from 
the thickness of the cord. 

"NdlU. ** Motion, communicated by cords, bands, or straps, is remark- 
ably smooth, and free from noise and vibration, and on this account, as 
well as from the extreme simplicity of the method, it is always preferred 
to every other, unless the motion require to be conveyed in an exact 
ratio. Ab the communication of motion between the wheels and bands 
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is entirely maintained by the fric|ional adhesion between them, it may 
happen that it may occasionally fail through the band sliding on the 
pulley. This, if not excessive, is an advantageous property of the 
contrivance, because it enables the machinery to give way when 
unusual obstructions or resistances are opposed to it, and so prevents 
breakage and accident. For example, if the pulley to which motion is 
communicated were to be suddenly stopped, the driving pulley, 
instead of receiving the shock and transmitting it to the whole of the 
machinery in connexion with it, would slip round until the friction of 
the band upon the two pulleys had gradually destroyed its motion. 
But if motion is to be transmitted in an exact proportion, for example, 
such as is required in clock-work, where the hour hand must make one 
exact revolution while the minute-hand revolves exactly 12 times, 
bands are inapplicable ; for supposing it practicable to make the pulleys 
in so precise a manner that their diameters should bear the exact 
proportion reqtdred, which it is not, this liability to slip would be fatal. 
But in all that laige class of machinery in which an exact ratio is not 
required to be maintained in the communication of rotation, endless 
bands are always employed, and are capable of transmitting great 
forces." — Prof. WiUU*8 Mechcmism, Art 178. 
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rOEMS or PULLETS. 

70. The Ibrm of the Pulley on which an endless band is 
to act is of importance, since the adhesion of band to the 
pulley is thus greatly influenced. 

Eound bands of rope, catgut, &c., or even chains, require 
an angidar groove, as a, into which 
they are forced by tension, and 
thus grasp the pulley more firmly. 

When soft cords or bands are 
used, sharp short spikes are fixed 
round the bottom of the grooves, 
as in B ; these spikes prevent the 
band &om slipping, but at the same time gradually wear 
it out. 

" If a tight flat belt run on a revolving cone, it will advance 
gradually towards the base of the cone, instead of sliding 

towards its point, as might be expected at first sight." 

" Advantage is taken of this curious property in forming the 
pulleys for straps, which are made in the form represented 
in the pulley d, which is a little swelled in the middle. 
This slight swelling is more effective in retaining the belt 
than if the pulley had been furnished with edges, as in c ; 
and the form of d, besides its greater simplicity, enables the 
belt to be shifted easily off the pulley. In fact, when a pulley 
of the form c is used, the belt will generally make its way 
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to the top of one of the side* disks, and remain there, or 
else be huddled up against one or other of them, but will 
never remain flat in the centre of the rim, if there be the 
slightest difference of the diameters of the two extremities 
of the cylinder. In order to bring the belt into contact 
with as much as possible of the circumference of the pulley, it 
is better to cross it, as in Art. 68, fig. 2, whenever the nature 
of the machinery wiU admit of so doing." — See J^rof, 
Willis's Mechamsm, Art. 181, where further information on 
these subj^s may be obtained. 

GEABING CHAINS. 

71. When a wheel is required to re- 
volve uniformly, and predents such con- 
siderable resistance to motion as to 
cause straps or bands to slide upon it, 
gearing chains of various forms are used. 
The marginal fig. shows a wheel or 
pulley, (similar to the section b, fig. to 
Art. 70,) where the alternate links of 
the gearing chain lay hold of the spikes fixed in the 
circumference of the wheel. 

The lower fig. presents another 
form of the gearing chain, from 
JELachette^ in j^hich the links are 
riveted together, somewhat after the 
manner of a watch-chain, the links 
having pointed spikes or teeth, which 
enter the notches made on the edges 
of the wheel, and thus effectually 
prevent slippiag. 

■ 

FIXED AKD MOVEABLE BULLETS. 

72. Pulleys are called fixed or moveable, according as 
their axes are fixed or vnoveahle ; thus, d c is a fixed pulley 
and B A a moveable one. In the annexed fig., it is evident 
that the rope p o d a b h must have the same tension 
throughout its length, and that this tension must be equal 
to the power p, and since the tensions of the two parts of 
the rope a d, b h are each equal to p, the weight w, suspended 
from the axis of the pulley a b, must be necessarily equal to 
2 p in case of equilibrium. K w with its pulley a b ascend 




TACKLES OF PULLEYS. 

ff feet, the cords ad, b H.will each be shortened » f 
hence the rope o f will be lengthened 
2 n feet ; that is. 



uul it has been already shown that 
2 p = w. 

TACKLES or PULLEYS, 

73. The same principle may be applied 
to a system or combination of puUeys, 
called a tackle, all drawn by one cord, 
passed over an equal number of fixed 
and moreable pulleys, called ilooki of 
pulleys. In fig. 1, (next page) p : w : : 
I : number of parts of the cord passing 
over the moveable block. Therefore, 
since the number of parts of the cord 
going over the moTeable block ia 4, we shall have 

P : w : : 1 : 4, 

or 4 P = w. 

And generally, if the number of these parts of the cord b 
fl, then 



Also, on the same principle, in fig. 1, 

p's vel. = 4 X w's ve]. 

And generally, when the number of these parts of the cord 
is », then 

p's vel. = « X w'a vel. 

14. In fig. 2, the weight, being sustained by 3 cords, is 
equal to 3 times the power ; and generaUy, if the number of " 
parts of the cord (passing over moveable puUeys) be n, 

<M + 1) P = W, 

and p's vel. = (n + 1) w. 

75. In the pulleys hitherto described only one rope has 
been introduced; we have now to consider the effect of 
several distinct ropes in the same system. Pulleys containing 
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more tban one rope are called ^ani»h harttme. Such a 
STBtem is represented in fig. 3, coataiuiag tiro ropes. 
The tension of the rope p b a d Ib evidently equal to 
the power; coneequently the portiona ab and ad must 



tlg.l. Fig. 2, ng.B. 

each BUfltain a portion of the weight equal to the power. 
The rope c b suatains the tensions of b p and b a, and 
therefore the tension of b c a must equal twice the power. 
The united tensions of the ropes which support the pulley a 
amount therefore to four times the power, 

76. In the combination, fig. 4, a cord paaees oyer the 
filed pulley B, under the moveable pulley d, and is fixed to a ' 
hook at 1. Another cord is fixed at D, goes under the move- 
able pulley ; and is fixed to the hook at 2 ; and so on. 
From Art. 55, 

the weight at n = 2p, 

the weight at c = 2 x wt. at d = 2' p, 

theweightat B = 2xwt. at o = 2'p; 

and if the number of moveable pulleys be «, then 

2°p = w 

and p'a vel. = 2" w'a vd. 
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ExampU. — Let the number of moveftble pulleTB be 4, as 
in the last fig., and tbe power 100 lb. ; required the weight 'i 
In the equa. 2 * P = w, 
or, 2<xlOO=16001b.=Tr. 

The tension of each of the BtringB in this syatem is shown 
by the numberB abore the hooks, these tensionB being p, 2 p, 
4p,&c. 



OTOr ths commoD sjBtem ii more than countorbalaDced b; the lery 
limited nmge ; since xa the common blocka, the motion may be coatiaued 
till the fixed and moTeable block come into contocb But in this ajBtem 
the motion can an\y be continued tilt D and B come into contact, at 
which time the other pulleja will be lar apart, because rises only half 
n fast aa s, B only one-fourth, and a odI; one-eighth as fast Hence 
tbe longest possible range is but a amall portion of the whole height 
occupied bj the sjetam, which accordingly entaila t, great waat« of 
space, and is hardly of any practical use. 



white's tackle. (Fig. 5.) • 

77. Aa the pulleys, in Art, 75, fig. 1, revolve with widely 
different velocities, according to the quantity of rope passing 
OTer ^em, thus producing an enormoua mequahtyin the 
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wear of the axles, as well as different amounts of Motion 
against the sides of the blocks ; to remedy these defects, 
White's Tackle (from the inventor's name) was suggested ; 
in which the pulleys were made to differ in size, in proportion 
to the quantity of rope to be passed over them ; thus 
causing them to revolve all in the same time, the pulleys 
on the same block requiring no divisions between them. 
By tracing the different velocities of the rope on the blocks 
in figure 5, and by supposing the lower block to ascend 
one foot, it will be readily seen that the pulleys on the 
upper block, beginning with the least, throw off respec- 
tively 1, 3, 6, &c., feet of rope ; while the corresponding 
pulleys in the lower block throw off 2, 4, 6, &c., feet, resp^ 
tively. Therefore, the radii of the pulleys in the upper block 
must be proportioned as the numbers 1, 3, 5, &c., and the 
radii of those in the lower block as the nimibers 2, 4, 6, &c., 
so that they may all revolve exactly in the same time. 
The pulleys in each block may, therefore, be all formed by 
cutting several grooves upon the face of one solid conical 
wheel; and bypassing the rope successively over the grooves 
of such wheels, it would be thrown off .in the same manner 
as if each groove were upon a separate pulley, and thus all 
the inequality of wearing and friction would be avoided, 
except the uniform friction at the axes of the two blocks, 
whicn would be comparatively small. 

If the rope be tied to the upper block, the proportions of 
the radii oi the grooves of the two blocks must be reversed. 

Note, In these cases tlie effect of weights of the blocks and pulleys < 
have not been noticed : in most cases it will be found that their weights 
act against the power, which is thus diminished according to the 
amount of these weights. 

GUIDE PULLETS. 

78. These pulleys are used to 
change the direction of the motion 
of cords or bands: thus a band 
moving in the direction a n may 
have its path changed to the d\rec- 
tion » B by guide pulleys. When 
the lines of direction of the band, 
meet in one point, n, one pidley will be sufficient, with its 
axis placed perpendicular to the plane of the two lines, ▲ n, 
n Bf and the diameter of its groove made to touch these lines. 
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If this be not convenient, then two pulleys will be required, 
the positions of which are found as follows : 

Ihaw a third line, a b, meeting the two former lines in 
any convenient points, a and b, and let this line be part of 
the path of the band. Fix, as before, guide pulleys at the 
intersections a and b, the axes of which must be respectively 
perpendicular to the plane of the two directions of the 
band. 

79. "Let A B be two pulleys, whose axes are neither 
parallel nor meetins in direction, and let 
the line c i^ be the mtersection of the two 
planes of these pulleys. In this line, 
assume any two convenient points c and d; 
and in the plane of a, draw c e, df, tan- ^ 
gents to the opposite sides of this pulley ; 
also in the plane erf B, draw c g, d h, 
similarly tangents to the pulley B. This 
process gives the path of the endless 
band, e c gh d fjia which it may be re- 
tained by the guide pulley at o in the 
plane e c g, and aaother at d^ in the 
pUne/rf A. '—See Prof. WiUit't Meehamm, Art. 187. 



WHEEL AlfD AXI.S WITH WBAPPIKG COBDH. 

80. Let o A, G B be the radii 
d the wheel and axle, at the 
extremities of which the power 
and weight act ; then a £ o may 
be considered as a lever, the 
folcrum of which is o ; and since 
the power P and the weight w, 
being suspended by cords, act 
perpendicularly to a c, we shall 
have by Art. 7, equa. (1) and (2) 



and pXAc=wXBc. 

81. If the power ^ act in the direction a p, which cuts 
A o at right angles in n, then there will be an equilibrium 
wheny X cd=w X bc. 

82. "When p and w sustain each other by means of a 
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wheel and xHe, the thicfcneM of the rape by whidi thef are 
saetamed, if considerable, miut be taken into aceonnt ; that 
is, we mnst add half the thickneas of the rope to each of 
the distances at which p and w act. ThttrBfbre,if s=iadia8 
of the wheel, r = ndiua of the axle, and 2 t = thickness of 
the rope, then we shall have 

p'b tbL _ e + * 

w's TcL ~ r+ (' 

andpx(B+0='^xCr + (). 

THE BACHET-WBIXL. 

83. The Saehet-teheel is a simple contrivmce for prevraiting 
a wheel &om tuming except in one 
direction. A catch, e, plajs into the 
teeth of the wheel a b, permitting it 
to rerolye in the direction of c b, but 
preventing any recoil on the part of 
the weight, or resistance contran' to 
the direction of the power. This 
contrivance may be connected with 
other machineiT by means of teeth, 
instead of cords, or the wheel and 
axle, as in the cases of the turnstiles 
of bridges, Ac., where the number of 
tarns of the rachet-wheel is required 
to be registered. 

The equations of the velocity ratio and of equilibrium are 
the same in this case as in Art. 80. 

THE WliTDLlSS AMD CAP3IAK. 

81. In the ieiftdlasg, the power acts by means of a winch 
or handle fixed on the axle ; the wheel, as in Articles 80 and 
83, being removed, the rope coiling round the axle or barrel 
in the usual manner. 

85. In the cajistan, the axle is fixed in a vertical position, 
and the power is applied by means of handspikes or bars 
inserted mto holes, made for that purpose in the ^e, the 
rope coiling round the lower part of the axle, and uncoiling 
Itself at the upper part, the axle being of a conical form, 
that the rope may be shifted upwards, when necessary. 

In the vmdUm, the length of the handle, and in the 
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eap^tam the length of the handspikei^, are the radii on which 
the power acts, the equations of the velocity ratio and of 
eqnilibrinm being the same as in Art. 80. 

THE OHUnSSE WHTDLASB. 

86. Let A a be an axis to which are fixed two cylinders, 
B and c, nearly of the same diameter, and let a cord be 
coiled round b, passed under a pulley, n, 
and then brought back and coiled in the 
opposite direction round c. "When the axis 
A a reyolres so as to^cause the cord to move 
in the direction of tCe arrow, one end of the 
c(»rd will be coiled round b, and the other 
imcoiled from c. Now let b = radius of B, 
T = radius of c, and 2 tt = circumference to 
radius = 1 ; then, while the aids makes one 
revolution, the cord on b wiU ascend 2 «• e, 
and the cord on a will descend 2 tt r ; also the 
centre of the puUey n, and weight w, will ascend in the same 
time through half the difference moved by the ends of the 
cord on b and a ; that is, the space ascended by n wiU 

be = — ^ ^=7r (e— r). If a handle be fixed to the 

axis, A «, the length of which is I, and p be the power 
applied to the handle, then the circumference described by 
this power will be 2 tt Z ; hence, by the equality of moments, 

27rl X P = 7r (b— r) w, 
or, w (b— r)=:2pZ. 

This e^oation of equilibrium is the same as would result 
if the weight were suspended from an axis a a by a cord 
wrapped round a single cylinder of radius = i (e— r). 

JEa^cmpIe, — ^Let e = 3 in., r =: 2| in., and the length of 
handle Z = 20 in. ; required the proportion of the weight w 
to the power p. 

By the above equa., w (3— 2^) = 2 p x 20, 

or, Jw=40p, 
or, w=80p, 

that is, the weight is 80 times the power, which is very great 
for 80 simple a machine. 

Note, ** This combination belongs to a class which has receiTed the 

d2 



02 SPEED rUlI-ETS. 

Dftme of differential noHotu, theix object being to commuDicate s TBiy 
slow motion to a bodj, or rather produce bj ft single oombinfttion Buct 
a. Telocity ratio betvfeen two bodieB, tliat under tbe uauiil ammgement 
a coomdemble train of combinations would ba roquired pratticaUy to 
reduce the velodtj ; for, theoretically, a simple combination will always 
answer the same purpose. Thus in the above machine, althoi^b 
theoretioally a barrel with a radius ^ J (R — r) would do as well as Ot& 
double barrel, yet its diameter, in practice, would be ao small ae to make 
it uaelesB from weakness. Whereas each barrel of the differential com- 
bination may be made as large and strong as we please. If a coneiderabls 
eitent of motion, however, be required, this contrivftnoe becomes very 
troublesome, od account of the great quantity of rope which must be 
wound upon the barrels. For by one turn of the differential barrel, the 
space tlmmgh which the weight is raised^ 2 ir (b— r), but the quantit? 
of rope employed is the same as that which is coiled upon one bairel, 
and of that which is xmooiled from the other r^ 4 ir (a + r). Now, in 
the equivalent simple barrel, tbo quantity of rope ceiled is exactly 
equal to the space through which the weight Is moved, and therefore in 
this case ^ 2 t (B— r), so that for a given eitent of motion, 

rope for differenlaal barrel r -^ r 
rope for common barrel B — r 

when B— r is by hypothesis very small This inconvenience has been 
sufficient to banish tbe contrivance from practice, for although it is 
represented in all mechanical books under tbe name of Cbineae wiudluB, 
it is never used in practice. — See Pnjf. WiUit't JfecAonam, Art. 101. 

SPEED PITLLETS. 

87. ^eed pulleys are used for changing the velocity of 
machinery, aa in lathes, &a. A aeries of 
pulleys, gradually increaeing in size, is 
mounted oa an axle, and on the spindle of 
I the lathe is a similAr series, hut placed in 
an opposite order, so that the same length 
of belt will work on erery pair of opposite 
puUeys, according to the speed required. 

This contrivance is shown in the annexed 

fig., and may be applied to the spindle a b 

of a turning lathe ; o n is pari; of a shaft 

made to revolye with a regular velocity, 

"When a alow motion is required, the belt 

■ works at B r ; when a greater Telocity is 

required, the belt is ahifted, by pressing it 

to one side, to another pair of opposite 

pulleys. This contriyance jh very simple in 

its construction, and is found of important practical use in 

the turning of various suhstanceB. 
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ALTESKATE CONES. 

88. Instead of the opposite series of pulleys, two opposite 
cones, called alternate cones, are used, where a motion con- 
stantly varying is required. One of 
these cones gives motion to the other by a 
a belt, as shown in the subjoined ^g. ; 
the belt is gradually moved by the 
machinery from one end of the cones 
towards the other, a b is the belt, o is 
the guide, which, receiving its motion 
from the machinery, traverses the belt 
with any velocity that the case may 
require* 

Nbte, It is usual in practice to make the two groups of speed pulleys, 
Art 87, exactly alike, as well as the attemate cones, Art. 88, placing 
the small end of one set opposite to the large end of the other. 





THE FACE-WHEEL AND BOLLEB. 

89. The face wheel and roller will produce the same effect 
as alternate cones, and are often used to obtain an adjust- 
able velocity ratio by rolling contact, a b is the face-wheel, 
B the roller, the directions of their axes 

meeting one another. The edge of the 
roller, c, is covered with a narrow 
belt of soft leatlier to make it adhere 
more firmly to the fa^e^wheel, and is 
so mounted on its axis that it can be 
made to slide at pleasure to different 
distances from the axis of the face- 
wheel. The roller c, with its axis, will therefore receive 
from A B a rotation by rolling contact, which may be varied 
to suit the required purpose. For further information on 
this subject, see I^rof, Willises Mechanism, Art. 480 ; and 
Sucharum on Mdchineiy, Art. 423. 

The velocity ratios, in Arts. 87, 88, may be found by 
Art. 67, by using the radii of the pullejrs or those of the 
parts of the cones, with which the belt is in contact ; and 
the velocity ratio in Art. 89 may be found by using the 
radius of the roUer c and the adjusted radius on the fEu^e- 
wheel A B. 

90. "When a system of wheels and axles are continuously 
connected by bands or belts, instead of teeth, as in the 
figure to Art. 31, their relative number of revolutions or 
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velocity ratio may be found bj the equation eiven in the 
article just referred to, whence the conditions or equilibrium 
maj be at once deduced. 



TABIABLE TELOCITIES. 

91. Let F Q be cord connecting the two 
excentric wheels or curves, the centres of 
motion of which are A. and b ; then the 
cord F Q will be a common tangent to the 
two curves at f and q ; let fiajl the per- 
pendiculars xp, 3 a upon F Q prolonged, 
if necessary ; then the velocity of the cord 
will be equal to the velocity of the points 
F and q on the edges of the wheels or 
curves, and by Prof, Willis's Mechamsm^ 
Art. 38, 

ang. vel. of af _ b g^ 

ang. vel. of b q "" Ajp' 

that is, the amular vehdUes of the two 
wheels or curves are to each other in/oersehf as the j^erpcTi- 
diculars from their respecti'pe centres of motion upon their 
connecting cords. 




TABIABLE VELOCITY BY AW ElfDLXSS BAKD. 

92. When an indefinite number of variable rotations is 
required to be communicated from an aids a to another 

axis B, an endless band or cord pg[ c 
may be used, a is the axis of the 
driving pulley, the edge of which is 
cmrved so as to adapt to producing the 
required variable velocity ; the follower 
B IS a circular pulley fixed on its 
centre; the band passes under a 
stretching pulley o, having a weight 
suspended from it, which keeps the 
band continually stretched. Kow, if the axis a revolve 
uniformly, in consequence of the varying radius of its 
pulley, a continuallv varying length of cord will pass to the 
pulley B, which will therefore hBUve a variable motion, the 
variations of which wiU be repeated during every revolution 
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of the pulley on the axis a. Draw A.p, 'B q perpendicular 
to the cordp q; then, by the last article- 



ang. vel. of a ^ b^ 
ang, vel. of b "* a jp' 

FUSEE OE A WATCH. 

93. If the variable motion be required to extend to more 
than one complete revolution, it may be obtained by a spiral 
groove formed on the surface of one of the wheels, as in 
the fusee of. a watch. The axes 

A fl, B 5 ai:p parallel ; a a carries a g-^^nflg ^jj^ 

solid pulley, called a fiisee, upon the | g[|P i^" ^^ 
surface of which is a spiral groove ; » i 

on the axis b 5 is mounted a plain 

cylinder ; a cord or chftin ffoes round the cylinder, and, 
extending .to the fusee, winds round its spiral groove, the 
extremities of cord being fixed at the top of the fusee, and 
at the bottom of the cylinder. Now, when the cylinder 
is turned uniformly round, the fusee, by means of the cord, 
wiU be turned round in the same direction, the velocity 
ratio of the two axes wiU vary inversely as the perpendiculars 
from the respective axes upon the direction of the cord. 

Nole. In watches and other time-pieces a spiral spring is coiled 
round the axis B h within the cylinder, to give vc rotatory motion, and 
that the varying force of the spring, as it uncoils itself, may be equalised, 
the cord or chion acts with greater leverage on the spiral of the fusee. 

DOUBLE FUSEE. 

94. If the fusee be required to commimicate a variable 
reciprocating motion, it may be made double, as in the 
nuu^pnal fig., where a a is 
the axis of the fusee ; two 
cords are fastened at the ex- 
tremities of the two spirals 
of the fusees at A, a, and being 
coiled round the fusee in 
opposite directions, are respectively conducted to «, m, and 
attached to machinery, (not shown in the fig.) the two cords 
leaving the fusee at the same point. Now, when the axis a a 
revolves, the two cords will wrap and unwrap themselves 
upon and from the fusee, evidently leaving its surface always 
at the same point. If the axis of the fusee be turned 
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uniformly, it will graduallj' accelerate tte motion of the 
cords, till they have reached the largest convolution of the 
fiisee, and then gradually retard their motion till they reach 
the ends of the convolutions at a and a. The variable 
velocity ratio of the corda, in coiling from one end of the 
fusee to the other, will depend on the radii of the different 
points of its spiral. 



WHEtr THE POWEH AND 'WTIGHT ABE CONIfEGTED BY 
OBLIQUE OOBBS. 

95. A cord fixed at h passes under the moveable pulley b, 
and over the fiied pulley c, the power being applial at the 



extremity of the cord. The weight w is suspended from the 
movable pulley b ; then 

w = 2 p COS. i nBc, 
p's vel. 

Demonatraiion. Draw tha verUcal Une a b, of Bncli a length m to 
represeat the weight w, and complete the parallelogrtim a d b n ; then 
B D, B B, wiU represent the tensions of the cord, which are evidently 
each equal to Hie power p, /. all the mdes of the parallelogram are equat 
Now, conceive B D to be joined, bj a line not shown in the figure, then 
wo shall have p:w::bd:ab;; rad. : 2 cos. a b d, because the angle 
K □ B ia the oomplement of a B D ; whence w = 2 p cob. a b d ^ 2 p 
Cos. Jhbo, and ooosequaotly — ; j-^2 cos. i HBc. 
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CHAPTEE V. 



VARIABLE MOTION BY THE ROLLING CONTACT OF WHEELS. ' 

96. The elementary combinations of wheels, which form 
the subject of Chap. II., include those which are chiefly 
used inheaw machmety, required to move with a uniform 
velocity, and consequently with a uniform velocity ratio. 
Some of the combinations in Chap. III. are required to 
moYO with a uniform velocity, and others with a variable 
velocity by means of wrapping connectors. In the com- 
binations that are here to be considered, either the velocity 
ratio, or the directional relation, or both, are made to vaiy, 
in a definite manner, which cannot in eveay case be obtained 
by means of wrapping connectors, as shown in the last 
chapter. 

9^. '* Let A p M, a p be two similar and equal ellipses, of 
which s, H are the foci of former, and 
8 one of the foci of the latter; and 
let the ellipses be placed in contact at 
any point p, situated at equal distances 
A p, a p, from the extremities a, a of 
their Bpiajor axis, and draw ^ p t the 
common tangent to the ellipses at p. 
Now, by the property of the ellipse, the 
tangent makes equal angles with the 
radii s p, p h ; and because a. p = a p, 
and the ellipses are equal, the tangent 
makes the same angles with the radii 8 p, 
pA; whence the angles t p h, t v 8 are 
equal, « p h is a right line. Also « p= s p ; 
therefore 8T+:b h = s p + ph = a m is 
a constant distance, whatever be the dis- 
tance of the point of contact p, from the 
extremities of the axes major. If, therefore, the foci .h * 
be made centres of motion, and their distance equal to one 
of the major axes of the ellipses, the curves wiU roll together,'* 
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'' The logarithmic spiral or ellipse round the focus appears 
to be only two roUiiig curves tnat admit of simple inde- 
pendent demonstrations of their possessing this property." — 
See Trcf. Willis's Mechanism, Art. 259. 

98. ^^To employ rolling curves in practice. In fig. to 
Art. 97, let the upper curve (supposed to be completed) be 
the driver, and let it revolve in tne direction from t to ^ ; 
then since the radius ef contact s p increases by this motion, 
and the corresponding radius p h decreases, the edge of the 
driver will press against that of the follower, and so oom- 
municate a motion to it, of which the angular velocity ratio 
will be 

PH 

^p 

But when the point m has reached m, the radii of contact 
in the driver will begin to diminish, and its edge to retire 
from that of the follower, so that the communication of 
motion will cease." 

To maintain the motion, it wiU be 
necessary to famish the edge of the driver 
with teeth to engage with similar teeth 
upon the corresponding edge of ihe fol^ 
lower, as in the aamexed fig., and thus the 
communication of continuous variable mo- 
tion will be maintained, the distance h s 
being (k)nstantly = a m = a in s axis major 
of each ellipse. 

TO CONSTBTTCT CUBVXS WITH ELUPTIOAL PBOJBCTIONa, 
CALLED LOBES, TO PBOPTXOl! YABXABLB HOTIOK BY 
BOLLHra CONTACT. 

99. Let it be required to construct a set of three rolling 
curves of one, three, and four lobes respectively, from two 
convenient given distances, I and k, such that 




and b =-v/n^^"^TT^ ^ i I; 

in which 0+5=:major axis of the ellipse, a -^ 5 sb distance 
between its foci, and n ^ number of elliptical lobes. 
Mr the use of those students that are not accustomed to 
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9Qhe aXgt^aie equations, these witues of a emd h may he 
determined hy eonstruetion asfoUows. 

'^ Describe the circle a k e with a diameters:/, 
aad upon the taagent ad set oITa c = i(r, as s 3 ^, 
and AD = 4 ^. Through the centre n of the cirdo 
draw c c, £ L, and n l. The curve of one lobe 
will be an ellipse round the focus M, (see the fol- 
lowing fig.) whose apsidal distances are ci* and 
c G, and the major axis consequently =c r+c a," 
as shown in the preceding fig. 

" For a curve of three lobes, first 
describe a semi-ellipse q, with apsi- 
dal distances ek, el, reeroectively 
equal to ex, s l ; (see first fig.) 
and from e draw a sufficient num- 
ber of radii el, e% eS, &c., at 
equal angular distances." 

^ 2b construct the three-lobed curve k, describe a circle 
round the centre e, which divide into six equal sectors, each 
one of which will contain half a lobe. Divide each sector 





into as many equal angles as those of the semi-ellipse q, and 
draw radiiy upon which set off in order distances equal to 
the radii of the semi-ellipse q, as indicated by the corres- 
ponding letters and figures. Through the points thus 
obtained, draw the curved edge of the semi-lobe, and this 
curve, repeated to right and left alternately, will complete 
the three4obed curve.** 

" To describe the four-lobed curve p, draw a semi-ellipse 
whose apsidal distances are d k, d l, (see first fig.) and 
proceed m a precisely similar manner as was done in the 
second fig. Q, dividing it and transferring its radials &om the 
focus to the semi-lobe dhloi the four-lobed curve p.'^ 
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"Any two of these curves will roll together, or,* if two of 
them be made alike, the pair so obtained wiU roll together. 
The angular velocities of these rolling curves will be 
inversely as the' segments into which the point of contact 
divides the line of centres." See Prof. Willises Mechanism^ 
Arts. 260 — ^268, where elaborate investigations of this and 
other important subjects may be seen. 



YABIABLE MOTION BY LOBED-TOOTHED WHEELS. 

100. The form of the wheels, in the marginal figure, are 

such as to fiilfil the conditions of the 
constructions of the la^t article, teeth 
being formed all round the two plates 
to prevent their slipping, which is the 
method always adopted in practice ; as 
in the Cometarium, and in the silk- 
mills, being an excellent method of obtaining a varying 
velocity ratio. 



on 
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VABIABLE MOTION BT AN EXCENTBIC SPrH-WHEBL. 

101. A method of producing a variable velocity ratio by 
means of spur-wheels, is shown in the annexed fig. The 

wheel, whose centre is a, turns on an 
excentric centre of motion b ; d is 
a wheel required to revolve with a 
varying angular velocity, while a 
revolves with a uniform velocity 
round the excentric axle b ; o is a 
pinion, the teeth of which are engaged 
with those of a and d, the centre of 
the pinion being carried by the links 
b c, a c, which rise and ndl to suit 
the position of the excentric wheel a, 
the links at the same time keepiag the pinion c in gear. 
The dotted circle shows the ran^e of the teeth of the excen- 
tric, which must be fixed to the extremity of its axis, to 
prevent the link a o from striking it in the course of its 
revolutions. " This combination, beiag whoUy formed of 
6pur-wheels, is one of the simplest modes of producing a 
varying angular velocity ratio." 
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boSmab's wheels. 

102. "These wheels were invented by the celebrated 
astronomer Olaus Eoemar, to effect the yarying motion of 
planetary machines, a a, b 5 are two 
parallel axes, of which the lower one is 
provided with a cone o, fluted into 
regular teeth like those of ordinary bevel- 
wheels, but occupying the surface of a 
much thicker frustum of the cone than 
usual. Opposite to this cone is fixed 
upon the axis a a, a smooth frustum d, 
whose apex ^ is in the reverse direction, 
and this latter cone is so formed asiust 
to clear the tops of the teeth of o. U pon 
the surface of n are fixed a series of 
teeth or pins, so arranged as to fall in succession between 
the teeth of c. By phwing these pins at different distances 
firom the apex d, we can obtain any velocity ratio we please 
between the extremes ; for if b and r be the greatest and 
least radii of d, and b' and r' of c ; then the angular velocity 

B f* 

ratio of c and d will vary between the limits of -7 and — ; 

the first being obtained by placing the pins close to the 
large end of s, and the second by fixing tnem at the small 
end; and when the pins are fixed in any intermediate 
position, an intermediate velocity ratio will be obtained."— 
See JBrof. Willises Mechemism, Art. 280. 




THE EXOBKTBIC CBOWK-WHEEL. 

103. " If the axis be not parallel, a varying ratio of angular 
velocity may be obtained by the excentnc crown-whee]. 
This was invented by Huygens, for the purpose of repre- 
senting the motions of the planets in his Planetarium. 
A B is an axis, to the extremity of 
which is fixed a crown-wheel e, exactly 
similar to that represented in the 
figure to Art. 39, only that its centre 
of motion B is excentnc to its circum- 
ference. This wheel is driven by a 
long cylindrical pinion c d, whose axis 
•meets that of a b in direction, and is at right angles to it. 
JN'ow, sincQ the radius of contact of the pinion is constaut, 
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while the radius of contact of the hoop varies at different 
points of its circumference by virtue of its excentricity, it 
follows that the angular velocity ratio of the axes will vary." 
" In Huygens's machine the pinion is the driver, and is 
supposed to revolve uniformly, but if the contrivance be 
adopted in other machines, the wheel or pinion may be 
made the driver, according to the law of the velocity 
required." — See Pro/! Willises Mechmism, Art. 281. 
104. " Let H be the centre of motion of the crown-wheel, 

the centre of its circumference ; o p = b, 
HP=r, HO=B, and angle M:HP=d; then, 
since the axis of the pinion is directed to 
/^ H in the line of the excentric radius h p, 
the perimeteral velocity of the pinion will 
be communicated to the radius in a direction 
perpendicular to it ; and if p be the radius of the pinion, we 
shall have 

pinion's ang. vel. ^ r 

crown-wheel's ang. vel. "* p* 
But e'* = r* -h B^ q: 2rE COS. 6, 




yj.2 
1 2 , sin.' 6, 

Now in planetary machines e is small with respect to s, 

.•.r = ±B cos. ^ + B. 

And since the pinion revolves uniformly, the angular velocity 
of the crown-wheel is 

as - as — ; r as B q: E cos. 6 nearly. 

r B±ECOS.tf •' 

But if M p were the elliptic orbit of a planet of which o is 
the centre, h the focus, h p the radius vector, and a m = 
2 b the major axis, we should have the angular velocity 
of HP 

as — J as (e + E cos. ^* as b q: 2 b cos. 6 nearly. 

s P 

By making, therefore the ecpcentrie distance o h of the 
crown-wheel equal to the distance ofthefbd of the elliptic 
orbit, the radius vector h p will revolve with an approximate 
representation of planetary motion, when the drivmg pinion 
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lefolyes imifonnlj." Moreover ^ the oontri/vaneee here 
mtrodueed are applieable to machinery generaUjfj and on this 
acoomt deserve to he studied. — See ^rof, WiUis's Meehtmsniy 

Art. 282. 



TABXIBUB 3C0TI0K BY SLIDUTa OOZTTAOT. 

105. " The simplest mode of obtaming a yarying angular 
Telocity ratio, when the rotations are to be continued 
indefinitely in the same direction, is by the pin. and slit ; 
A 0, B 5 are axes parallel in direction, but 
placed with their ends opposite to each 
«fter; A a w provided with aa arm caTrpg 
a pin d, which enters and slides freely in a 
long straight slit, formed in a similar 
arm hf, which is fixed to the extremity of 
B 5. If one of these axes revolves, it will 
transmit a rotation to the other with a 
varying velocity ratio ; for the pin in revolving is continually 
clianging its distance.from the axis b 5." — See Pro/! WilUs's 
Mechamsm, Art. 290, where the angular velocity ratio of 
the two axes is investigated. 




CHAPTEE VI. 



WTERMITTENT AND BECIPROCATINO MOTIONS BY WHEELS. 

106. This kind of motion is frequently required in some 
]dnds of machinery ; it may be readily produced with a pair 
of spur-wheels, by cutting away 
all the teeth of the driver a, 
except those between m and n ; 
consequentlywhen A revolves, it I p 
will cease to turn b while the 
plain part of its circumference is 
passing the line of centres, but 
will turn it every time the teeth between m and n come 
into action with.the teeth of b. By properly proportioning 
the arc, which contains the teeth, with the plain arc, any 
required ratio of rest and motion, which can oe included in 
one revolution, may be obtained. 

This arrangement is liable to objection; since there exists 
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a chance of the first tooth of a not exactly engaging with 
the teeth of b, cansing the teeth of the two wheels to get 
jammed together ; this defect, howeyer, may be remedied in 
the following maimer. 

107. In the anaexed figure, the follower b has its ed^e m n 
formed into an arc of a circle, the centre of which is the 

centre of the dnrer A: part of the 
circumference of the driver is a plain 
disk iof a greater diameter than the 
pitched circle of its toothed portion. 
The plain ed^e of a runs past mn 
without touching it, but enectuaUy 

Sreventing b from being moved frx)ni 
thus ensures the meeting of a pin p, 
(fixed in a) with a guide-plate q, (fixed in b) which bring 
the teeth of the two wheels exactly iato gear, after which b 
wiU make one revolution. The ratio of the times of rest and 
motion may be found as in the last article. 

108. "A simple intermittent motion is effected by a pinion 
A, having one toothy. This tooth will, in each revolution, 

pass a siDgle tooth of the wheel b 

across the Ime of centres ; butdunng 

the greatest part of its rotation will 

A ^ ^ ^ \a leave the wheel b undisturbed. To 

prevent the wheel b from continuiog 
its motion by inertia through a 
greater space than this one tooth, a 
<^&n^o may be employed. Thistunia 
freely upon its cenli, and mav be 
pressed by a weight or spring against the teeth. It will be 
raised as the inclined side of uxe tooth passes under it by 
the action of a, and will fall over into the next space, thus 
retaining the wheel in its position during the absence of the 
tooth jp."— See Frof. Willis's Mechanism, Art. 292. 




THE OEiyEVA STOP. 

109. This is a still better arrangement for producing inter* 
mittent motion : it was first introduced into the mechaoism 
of the Geneva watches, whence its name is. derived. 

" A is the driver which revolves continually in the same 
direction, b the follower which receives from it an inter- 
mittent motion, with long intervals of rest. Por this 
purpose its circumference is notched alternately into arcs 
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of circles aa db, concentric to the centre of a. when plfkced 
opposite to it, and into equare recesses, as abown in the 
%iire. The circumference of A is a plain 
. circular disk, very aetaij of the same radius 
u the concave tooth which ia opposed to 
it; this disk iB provided with a projecting 
luri«faet-ehaped tooth, flanked b^ two hot 
lows at (, When a revolrea, no motion 
will be given to b so long as the plain edge 
is passing the line of centres, but at the 
same time the concave form of the tooth 
of B will prevent it &om being moved. But 
when the hatehed-shaped tootii has reached 
the squM^ recess of b, its point will strike 
against the side of the recess at a, and carry B through the 
space of one tooth, bo as to bring tho next concave arc i^ d 
oppoeite to the plain edge of the disk, which will retain it 
until another revolution has brought the hatchet into contact 
with the next recess bj". 

Note. " The office of this contrivance in a OeneTn wstcb is to prevent 
it from beii^ ovar-wonnd, wbenoo it in termed a «top; and for this 
pmpoae one of the teeth ia made oonvez at gf. If i. be turned round, 
the hatchettooth will paaa the four notches in order, but after pawing 
the fourth acroea the line of centres, the conTSi edge g f will prevent 
furtber rotation, so that in this state the combination Bcrrea to prevsut 
an axis &om being turned more than a certain number of times in the 
same direction. For thewlieel A is attached to the azis which ia turned 
by the key in winding, and the wheel B thus prevents the aiis from 
being turned too far, bo as to overstrain the spring. As the watch goes 
during the day, the axis of a revolves slowly ia the oppoeite diieetion, 
Can7ii^ the stopwhael with it by a nimila r intermittent motion." — 
See Prof. WiUit't MaAanitm, Arts. 293, 2Bi. 

THX UANGLB UOTIOTr. 

110. When a spur-wheel is acted 
upon by a pinion the axes move in 
opposite du^ctions ; but when an 
annular wheel is acted upon by a / 
pinion the axes move in the same J 
direction ; and by combining a spur- 1 
wheal with an annular wheel the > 
wumgle-viheel is prodnced. The wheel 
B i revolves on its centre 0, pins or 
teeth a, n, m, are fixed concentric 
with 0, these teeth are interrupted at^,- and b is a ^niVn, 
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the teeth of which act upon the teeth of the wheel, and is 
fixed to the end of an axis to which a continuous motion is 
given, and this axis is capable of admitting a short motion 
towards 0, by means of a sKde or swing-frtone; a pin 
projects from the centre of the pinion, and is guided by a 
groove s b kfh t, which is cut in the surface of the wheel 
concentric with the teeth upon it. Now, when the pinion 
is on the outside of the teeth, as in the fig., they will revolve 
in opposite directions ; but when the interrupted portion/* 
of the wheel comes to the pinion, the eroove will guide the 
pinion from the outside to the inside of the teeth, and then 
the wheel will revolye in the same direction as the pinion, 
and this will continue until the opening /is again moved 
to the pinion, which will be carried out by the groove, and 
the motion will be again reversed. 

NoU, ** The mangle*wheel, imder all ita forms, is a very practical and 
effectiye contrivance/' "It derives its name from the first machine 
to which it was applied, but has since been very generally used in 

manufacturing mechanism.** -See Prof, WiUis^s Mechcmism, Arts. 

315—319. 

MAKaiE-BiLCK. 

111. ^' If the reciprocating piece move in a right line, as it 
very often does, then the mangle-wheel is transformed into 

the marufle-raek. b 5 is 
the slidmg piece, and a 
the driving pinion, the 
axis of which must have 
the power of shifting 
from A to a, through a 
space equal to its own 
diameter to allow of the change from one side of the rack 
to the other, at each extremily of the motion." — See JProfi 
WilUs^s Mechanismf Art. 320. 




BEOIPBOCATUra MOTIOK BY A CBOWlf-WHEBL. 

112. The interrupted teeth of a crown-wheel may be made 

to engage themselves with the teeth of one 
-B «. pinion, and then quit it and engage with 

the teeth of another pinion, and so on 
alternately ; the two sets being so disposed 
as to produce continuous reciprocating 
motion. '^ For example, a a is an axis 
yiMHHt revolves continually in the same direction, b 5 an 




BECIFS0GA11N0 MOTION. 67 

axis to which is to be transmitted a few rotaticniB to right 

and left alternately. Thia axis carriea two pinions b and h, 

and the first axis has a crown-wheel at its extremity, the 

teeth of which extend only over half its circnmference, as 

&oai m to i»; these teeth will act upon those of h, and cause 

the shaft b 5 to reydye ; when the last tooth n has quitted 

h this rotation will cease, but at that moment the first tooth 

m will begin to act upon the pinion b, and turn it in the 

opposite direction." 

Abftf. '' Hub oantrirance is mamfestly &ulty on account of the shock 
at each change of motioni and the danger of the teeth becoming entangled, 
so that I should hardly have thought it worth deflcribing, were it not 
for the numerous similar forms that present themselves in the early 
history of machinery, more especially in the works of Bamelli, in which 
this prjnciple is exhibited in a vwiety of forms.** — QeeProf, WiUWs 
Uethomum, Art. 322. 

ItSCIFBOCATHrO MOTIOK BY A BOXTBLB BACK. 

113. '^ The mai^inal fig. shows the application of the same 
principle to a double rack, which deseryes attention on 
account of the proyision which is made to ensure the first 
engagement of each set of teeth. 
A a is a frame to which the reci- 
procating motion is to be given, 
B the driving pinion, which is 
made in the form of a lantern, 
and the teeth confined to about 
a quarter of its circumference. 
These teeth act alternately upon 
a rack fixed on opposite sides of the frame, which thus 
receives a back-and-forward motion from the continued 
rotation of the pinion." The manner of ensuring the safe 
engagement of the teeth of the pinion with those of the two 
racks may be seen by inspecting the figure. — See JProf, 
Willises Mechanism, Art. 823. 

THE EXCEI^TBIO yTHEEL. 

114. To the different forms under which the arm and link 
appear, may be added this important piece of mechanism, 
which is commonly used to turn the slide valve of the steam 
engine, e is the centre and a the axis of the excentric 
wheel, which is always §xed to the axis of the fly-wheel of 
the steam engine ; a hoop b n o embraces this wheel or 
pulley so as just to allow it to turn freely with its^We, 
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the hoop being generally of tw& pieces joiiied at b and c ; a 
frame b r c connects the hoop with the extremity e of the 

beiffc lever e g h, which turns on 
the centre &, When e rcTolves 
on its excentric axis a, the frame 
BEG will be drawn alternately 
to the right and left, and the end 
E of the bent lever e g h will 
describe at every revolution two 
arcs of a circle ; the reciprocating motion of e, thus produced, 
transmits a like kind of motion to the other end of the 
lever, to which the slide-valve of the engine is attached. 

115. NoU. ** The excentric arm er eramky is by far the most simple mode 
of converting rotation into reciprocation, and it has the valuable property 
of beginning the motion in each direction gently, and again gradually 
retarding it so as to avoid jerks. Nevertheless the law of variation in 
the velocities is not always the best adapted to the requirements of 
mechanism ; but the reciprocation is produced so simply, that it is 
often worth while to retam the crank, and correct the law of velocity 
by combining other pieces with it in a train. By trains of link-work 
very complex laws of motion may be derived from a uniformly revolving 
driver. This will be best illustrated by the following examples." — 
ProfessorWiUis. 

116. Example 1. " If the crank, insteadof being fixed to the uniformly 
revolving axis, be carried by a second axis, and then two axes connected 
by one of the combinations at the beginning of this chapter, for the 
production of a varying velocity ratio, the inequality of the velocity in 
the reciprocating piece may be idmost entirely ^ot rid o£ Thus let these 
two axes be connected by a pair of rolling curve-wheels, (Art 100) let A^ 
be the angular velocity of the first axis, a, the angular velocity of the 
second axis, upon which is also filled the crank ; let p be the radius of 
the crank, and $ the an^le it makes with the path of the reciprocating 
piece ; then, if v be the linear velocity of this piece, we have v = p sin. 
▲ g, (by WiUitfs Mechanism, Art. 329) which is to be constant by 
hypothesis. Let r, and r, be the radii of contact of the rolling curves^ 
wmch connect the first and second axes respectivQly ; then 



Aj Tg Tj 



c being the distance of the axes. 



• » c — r n , - - 

— — • psm. 0=:k, 



• • 



A, r. 



k being a constant by hypothesis, 

, c p sin. $ 

whence r^ =: — f—- — ;- 
* p sm. B + k 

is the equation of the rolling curve of the second axis, whence that of 
the first may be found by WiUit^s Mechanism, Arts. 260 or 269. 
^An^ contrivance, however, that produces two equal periods of 
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Taziation in the angalar Telocity in each revolution, will serre to correct 
the erank-foUower sufficiently for practice. The rolling curves (Art 100) 
ire uaed in some silk-machinery ; but their figure is not so completely 
formed upon principle. 

117. Ex. 2. To eqwUite the vdocUy hy lUA^wwiL The velociiy of the 
reciprocating piece may be also nearly equalised by a train of link-work 
only. Thus, let a be 
the axis of the crank 
A a, which by means 
of a link a c trans- 
mitB in the usual way 
a reciprocating mo- 
tion to a point o, which travels in the line a 6 between b and h ; a 
second link o d connects o with an arm D d, moving on a centre D, and 
the motion of o between b and 6 thus move d between g and r; so that 
the rotation of the crank a a causes the arm D cf to reciprocate between 
the positions D g and d r. In any given position of this system draw 
perpendiculars a m, D n from the centres of motion upon the links ; 
then if A]^, A, be the angular velocities of a a, nd respectively, and y 
the velocity of o, we have very nearly by WiUit'i Mecfumitnk, Art 829, 

A^, Am=:Y=: Ag, Dn; 
, Ag Am 




fTs- 



m • 



Aj DA 

If A a, D (2 both reach the position perpendicular to the link at the 
same time, then a m, D m will reach their maximum values together, 

A m 
and will increase and decrease together, so that the ratio may 

be made nearly constant; and thus, if A a revolve uniformly, the 
reciprocating piece d d will move in each direction with a velocity 
mudi more uniform than that of the piece o, which may either slide or 
may be fixed to a long arm so as to make B & an arc of large radius ; or 
the intermediate piece may be omitted, and a d connected by a 
single link ; but this is not so good." — See Prof, WUlia'a Mechamtm, 
Arts. 332, 333. 
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CHAPTEE Vn. 



THE INCLINED PLANE, THE SCREW, THE WEDGE, AND CAMS 
PRODUCING MOTION BY SLIDING. 

118. The Inclined Plane, in meclianism, is consideied as 
a smooth, perfectly hard, and inflexible surface; the iron 
rails on an ascending or descending gradient of a railway 
may be regarded as a plane of this kmd. 

Let A be an inclined plane, 
A B its horizontal base, b o its 
height, and bag its angle of 
elevation ; w a body sustained 
OD. the plane by the power p 
acting by the cord w c p over 
a pulley at c, in the direction 
w parallel to the plane A c. 
Then, by Baker's Statics and Ih^namics, Art. 74, — 

P : w : : b C : A C, 
that is, p : w : : the height of the plane : its length, or 

w X BO 




p = 



AC 



(1). 



And, by the nature of virtual velocities, Art. 85. (5) ibid. 



p's vel. 
w*s vel. 



w 

p 



AC 
BC 



= " = t:r (2). 




Example 1. — ^If a waggon, w, 
weighing three tons be drawn 
up an inclined plane a c, the 
length of the plane a c being 
to its height b o as 5 to 1, 
required the power p that will 
just balance the waggon on the 
plane? 



raCUHED fLANB AIO) WEDGE. 



\j equfttioii (1) : 

■WX BC 



= ofaton = X2cwt. 



A Blight addition to tMs pover to overcome the friction 
of the waggon-wheela wenld draw the waggon up the 

planed 

Halt. This method of drawing waggona up staep inclined planea by 
itHao^y engines is mucli piwHJBed in mineral disiricte i where the 
ng^nB also descend inclined planea, their speed being regulated by a 
in£dlii8s at the top of the plane. 

Ex. 2. Becjuired the power requisite to draw a train of 
curiages weighiug 40 torn, up a rulway gradient rifiing 
1 foot in every 100 feet ? 



119. "When the ■ power p acts over the puller d, in the 
Section w d, which ie not parallel to the inclined plane A c ; 
tben, by Saher's Statics and I>ynamiea, Art. 73, 
: coa. CWD, 

, w COS. own 

whence - = 




And, by the nature 
rirtual velocities, 



130. The toedge may be consideied as a moveable inclined 
Jtlaiie, or rather as a double inclined 
plane, ae the figure i.dsc; besides its 
use in mechanism, it is also much used 
for Bepu^ating bodies that are strongly 
bouita or pressed together, as for cleaving 
timber, in which case it is urged by per- 
ciiBsion. The force impressea by pereos- 
MM, or a blow on the \>wik of the wedge, 
lus an eSect incomparably greater than 
wy mere pressure or force produced by 
machinery. If p be the force impressed on the back ab of 
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the wedge, and W the pressure on a o or b o ; then, \tj 
Saker't Static* and Zh/namio*, Art. 79, 



whence — = — , (and by virt. Yel.)i 

P AB^ ■' ' 

p's vel. AC rfo 

W'sTel. ~ AB ~ AB 



».rly, 




since the length of the wedge perpendicularly is nearly 
equal to ita slant length, in all usual cases. 

EEOIPBOCATnrQ MOTION BT THE WIDOE. 

121. Let A B be a wedge or inclined plane moTeable 
along the horizontal plane b o, and oy a bar constrained by 
^des m rt, to move in the direction of 
its length odIt, and having a fiiction 

iiulley at g. When the wedge is moved 
brward and backward, the rod oy will 
rise and fall, and in pushing the wedge 
through ita whole length a b the rod will 
rise ^irough a bei^t equal to a b; 
whence, evidently, the velocity ratio, Ac. 
may be estimated as in the last article. 



122, The gcrew is a spiral groove winding round a cylinder 
so as to cut all the lines drawn on its surfoce parallel to ita 
axis at right angles. The screw 
is, therefore, nothing more than 
an inclined plane, wrapped 
round the surface of the cylin- 
der, the base of the plane being 
equal to the circumference of 
the cylinder's base, and coin* 
ciding with it, and the height 
of the plane equal to the dis- 
tance AB between two of the 
threads. 

Since the screw is nothing 

more than an inclined plane 

ABO, unwrapped from the cylinder, (see the small fig.) the 
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base B c of the plane being equal to the circumference of 

the cylinder's base, and the height a b of the plane equal 

to the distance between two threads 

of the screw; and, since the 'power 

applied to the screw acts parallel ^' 

to the base, we shall have, by Art. 75, Statics and Dynamicgy 

P : w : : A B : B C, or 

p : w :: distance between two threads : circumference 
described by the power, which in this case is the circum- 
ference of the cylinder, to which the power p is supposed 
to be applied, the weight w resting on the top of the screw, 
as shown in the larger figure. 

But when the power p is applied to the lever p w, then we 
6haU have, b j the same article 

p : w : : A B : the circumference described by p. 
: : d : 2 TT Tf 

i being the distance between the threads, r the length of 
the lever p w, and ir = semi-circum. to rad. 1. 

whence w = — ^ — , (i), 

a 

p's vel. _ 2 TT r ^ circum. described by p 
w's vel. " d " dist. between the threads 

Note, Instead of considering the screw to raise a weight w by acting 
vertically, we may suppose it to be applied to produce a pressure w in 
any other direction, and the relation between P and w will be the same 
as that already shown. 

Sa. The distance pw at which the power acts is 6 feet, 
and the distance between two of the threads of the screw 
is 2 inches ; what weight will a man be able to raise, when 
he acts at p with a force of 150 lb.? 

Here the power acts 72 inches from the centre, hence 
2jr r = 2x72x 3*1416 = 462*39 inches = circumference 
described by the power ; whence, by equa. (1) 

w = ^^2;?^« = 83929ilb. 

E 
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BSOTILIirEAIi M09IOK BT THB SOBBW. 

123. The Pin and Screw, Let the cylinder h Z, the axis of 
which is A. B, have a spiral groove m n o cut upon its 

p . — , g siuface, so as to represent the 

i m^mtamSmm ^ tW k scrcw describod in the la&t arti« 

cle ; and let o d be a rod con- 
strained to move parallel to a. b, 
the rod having a pin at m to fit into the groove. Now, 
when the cylinder is turned on its axis, the pin will move 
in the groove and cause the rod to move in the direction of 
its length. The velocity ratio, &c. of the cylinder k I and 
the rod c d may be determined by the last article. 

124. The Bach and Screw, Instead of a single pin i», let 
other pins be also fixed on the bar opposite the threads 

of the screw, which may be made trian- 
gular, without the least affecting the 
motion- We shall thus obtain the rack 
c and the screw s, and by turning the 
screw which is supposed to be fixed on its axis, a continuous 
rectilinear motion is given to the rack o, the teeth of which 
are made exactly to fit the threads of the screw. 

Note. "This is the most ancient form in which the screw was 
employed. It appears to be that which was described by Pappus," in 
his Moth. Col. 

125. Nut and Screw, " In most cases the piece which 

receives the action of the screw s, is 
formed with a hollow cavity, as n, 
within which are threads exactly fitting 
those of the screw s. The piece n is 

called the nut, and the hollow screw within it, the female 
screw.'' — See Prof, Willis's Mechanism, 

THE SCEEW PEESS. 

126. The screw is frequently used where a great pressure 
is to be exerted through a small space. The figure to 
Art. 122 represents the screw press, where i^e solid screw 
A B works m the nut w, which is fixed ; w is the weight to 
be raised, or substance to be pressed ; the screw a b is 
moved round by the lever p, which is inserted into a hole 
in the screw. The power that can be exerted by this press 
is very considerable, as will be apparent from the example 
following Art. 122. 

Note.'^It will be seen that we may increase the mechanical efficacy of 
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the lerew, nther bj eaumng tba power to move throng > greaUr apaoe 
b; increBeing the length of the lever, or b; diminiahmg the thictJieBS 
of UiB threada ; thus, in the above eiample, if the distance between the 
threada were ^ or | of on inch, the ether parte remaining the name, the 
efficacj of the machioe would be respective!; doubled or quadrupled. 
There ia, however, a practical difficult; in di'ni'| i''l'i''g the distance of 
the thr^uls of the screw, for. aa they become crowded into a noalt apace, 
thej become more delicate, and are apt to be torn off, under a cooeider- 
able preaaure, while by iocreaeing the length of the lever, the machine 
becomes unwialdj ; these objectionB have been entirely got rid of by 
the following ingenioua arrangement. 

THE DIFFKaEHTIlL BOBEW. 

127. This madime (iiiTented by Mr. John SutUer) 
consists of two saewB, gk and di, hsriug threads of different 
thu^neases. ^e lai^er screw 
C i> has a hollow or female screw 
formed wittkin it exactly fitting 
the screw n K, which can only 
more in the direction of its 
length, and, therefore, when c d 
ia turned round, n B screws into 
c D, which works in » female 
aerew fixed in the frame a b. In 
one revolution of the lever l, the 
screw c n ascends s space equal 
to the distance of its exterior 
&reada ; and during the same 
tame, the screw d e descends into 
the female screw, in c d, a space 
equal to the distance of its 
threada ; consequently the point 

E wiU only ascend a space equal to the difference of the 
distances of Uie threads on c n and those on d £ : let these 
distances fee respectiTcly c and c, r = length of the lever l c, 
r = power applied at l, and W =s weight at £ ; then by the 
nature of virtual velocities, &c. 

F'S vel. 2j;^ 

Vsvel. o-e ^'^ 

, 2vrp 
and w = (2), 

He. Let &e distances c^ the threads on c d and d ■ be 
respectively -^ and i of an inch, and let the length of the 
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lever l c be 60 in. and the power P applied at l = 150 lb. ; 
required the weight w that can be raised at e, neglecting 
the friction of the screws ? 
By equa. (2) : 



w = 



2 X 31416 X 60 X 150 



= 904781 lb. = 404 tons nearly. 



Note. — It will be found from equation (1) that the velocity ratio of 
the ^w.^d welgH o. ^=«-?ne.I..,Mch . the^^t^, 
abating friction, gained by the machine. 

Note. " In the usual method of applying [the differential or] Hunter*B 
screw, the two threads are cut on different parts of the same cylinder. 
Upon these are placed nuts, which are capable of moving in the direc- 
tion of their length, but are not allowed to turn round. It is clear, 
therefore, that, by tviming the screw once round, the two nuts will be 
brought nearer together, or driven &rther apart, according to the direc- 
tion in whidi the screw is turned, through a space equal to the differ- 
ence of the pitch of the two threads. In this way, Hunter^s screw is 
well adapted to the purposes of a micrometer screw, because it admits of 
an Indefinitely slow motion, without requiring exquisite workmanship 
in the thread. The uses of the screw in a micrometer have been 
noticed in our Introduction to the study of Natural Philosophy, p. 34." 
— TonUinson's Mechanics. 




THE Ein)LESS SCBEW. 

128. The endless screw a b is so 
combined with the wheel e and its axle 
that the threads of the screw may work 
in the teeth on the circumference of 
the wheel. Let b = radius of the wheel, 
p = radius of the axle, r = length of 
the handle a c ; then by the nature of 
virtual vel., Statics cmd Dynamics, 

p's vel. _ 2 irrB __ w 
w's vel. " o "~ p* 



scbews, oambs, etc. 

129. The endless screw in the annexed figure presents a 
combination of still greater power, having three toothed wheels, 
two pinions and one axle, round which the rope sustaining the 
weight w coils. Let d = distance between the threads of 
the screw, r = length of the winch ac, r\ r", r*" the 
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respective radii of the wheek e, f, a, and p, p', p', 
the respective piitione and axle, also 

" applied -*■ ■ * 

t.84, Sta 

dpp'p" 



p = power applied at a to raise w 
then, by Art. 84, Static* and Dynamos 



whence 11 



r' r" r"'v 



dpp'p" 



The velocity ratio may be deter- 
mined &om this equation, as in former 
eases. 

^x. 2. — If the endless scre'w be 
turned by a winch a c, the threads of 
the screw being distant half an inch 
each, the screw tuma a toothed wheel 
E, the pinion of which tuma another 
wheel r, the pinion of this another 

wheel 0, and on the pinion or axle of which is sustained the 
weight w ; now the radii of the wheels are each 18 inches, 
those of the pinions and axle each 2 inches, and the length 
of the winch a c = 22 inches ; what weight will a man be 
able to sustain who acts at the handle of the winch with a 
force of 150 lb: ? From Art. 129, 

2 X 3'1416 X 22 X 18 X 18 X 18 X 150 _ 



i X2x2x2 



= 30,231,830 lb. 
= 13,188 tODB nearly. 



130. A method has been shown, in Art. 123, for giving a 
rectilineal motion to a bar by a screw, the axis of which and 
the bar are parallel ; but, if the path of the bar be not 
parallel to the axis of the screw, it must be formed in a 
conical shape. " Thus, in the fig., a b is 
the axis, e the sliding bar, its pin, the ' 
path cd of whose acting extremity is in this 
case supposed to meet the axis. If this 
line c d generate a cone d by revolving 
round A B, the pin will always lie at the 
same depth in the groove excavated on the 
conical sur&ce. Also, if the surface be de- 
veloped, the groove fl/'will be the spiral oi Archimede*.^^ — St 
Prof. Wniu't Meckantmt, Art. 165. 
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CAMBS. 

131. These impartant paria of mechanism consist of a 
pn^peify fonned letolving plate, by which a reciprocating 
inowm msr be oltcbl to bars or lever, varying according to 
aaynqukedlaw. 

** TliiiBy let A be the centre of motion of the comb-plate 

nmpqy bd a lever turning on the 
centre b, and furnished with a Mction 
roller d, which rests upon the edge 
of the camb. Let a m be the least 
radius of the camb, and Ajp the 
greatest, and let the radii graduallj 
increase along the edge mnp, and 
d ec r e ae e along tiie edge pqm. Then, if the camb revolve 
continiiaUj roimd, the roller b, hj the action of the edge, 
will be pushed further &om the centre a, during the 
passage oi m n p under it, and will return towards the 
centre during the passage of p q m; the lever being 
supposed to be kept in contact with the edge by its 
weight or by a spring." — See Frqf, WilWs Mechamsmy 
Art. 352. 

Note. A sliding-bar may be applied to the edge of the camb, as in 
Art. 121. In this mamier a series of reciprocations may be given to 
the bar b d, and the velocity ratio of the bar to that of the camb can be 
made to vary according to any required law, by adjusting the shape of 
the edge of the plate. This may be set out by points, as in the following 
example. 

132. " Let the velocity ratio vary so that when a series 
of points 1, 2, 3, 4, 5 in the circumference of the circle o 35 

shall have readied in order the 
point 0, the pin or friction roller 
in the bar, or sliding piece, shall 
be moved to the corresponding 
positions i, ii, m, rv, v. To 
each of the position points in the 
circumference of llie circle draw 
tangents, and with centre a draw circular arcs in order, 
each intersecting one of the position points i, n, ni, Ac, 
and the corresponding tangents, as at a, 6, e, d, e; thus is 
obtained a series of points through which, if a curve be 
drawn, it will be the camb required ; for it is manifest, that 
if any point, as 3, of the circle be brought to c, the corres- 
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ponding point c of the curve will be moved to in, 
the pin will be placed in its required position, 
and so for every other pair of positions." 

133. If the camb-plate be required to pro- 
duce more than one reciprocation to the lever 
or sliding piece in each revolution, its edge 
must be K)rmed into a corresponding number of 
waves, as a, b, g. 

134. K the sliding piece or lever is required 
to be raised gently, and let £Edl by its own weight, 
the edges or waves of the camb must terminate 
abruptiy, as a, h, e. 

135. If it be required that the nres- 
sore of the camb may produce both the 
upward a&d downward motion of the 
lever, the pin b of the lever b o may 
move in a groove formed in the surface 
of the camb a. 



and thus 





THE rOBOB HAJOCEB. 

136. If the lever i^reqtdred to receive repeated lifts with 
intervab of rest, the camb becomes a set of teeth, as shown 
on the circumference of the wheel 
A ; in this case the teeth are called 
vipers or tappeig. Thus the for^e 
hmmer h p b, turning on the pivot 
or fulcrum v is depressed at its 
extremity b by the wipers, thus raising the head h of the 
hammer ; but as soon as the wiper disengages itself firom 
the end b of the lever, the hammer falls by its weight on 
the anvil or steady s ; and as there are six wipers on the 
wheel A, the hammer will make a like number of strokes on 
the anvil for every revolution of the wheel. 
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CHAPTEE VIII. 

— ♦ — 

ESCAPEMENTS, PENDULUMS, Etc. 

In this class of combinations called escapements, a 
revolving wheel produces reciprocation in its follower by- 
acting alternately on two different pieces attached to it. 
These arrangements are used in clocks and watches^ also in 
other machinery. 



CBOWN-WHEEL ESCAPEMENT. 

137. "When the axes are at right angles the crown- 
wheel escapement is commonly employed, a is a revolving 
axis, to the extremity of which is fixad a crown-wheel with 
large saw-shaped teeth 5 c c the vibrating axis or verge. This 

carries the two pieces 
or pallets h and a, which 
are set in planes making 
an angle with each other 
sufficient to allow of the 
escaping action. When 
the wheel revolves in the 
direction of the arrow, 
one of its teeth w press- 
ing against the pdlet 5 
w2l turn the verge in 
the same direction, until, by the circular" motion of 
A, its extremity is lifted so high that the crown-wheel 
tooth passes under it, or, in other words, this tooth escapes 
from the pallet. By the same motion of the verge the 
pallet a is brought into a vertical plane, and the. tooth n 
presses it in the contrary direction, and turns the verge 
back again until n escapes from under a, when a new tooth 
begins to act upon h, and so on. Thus the rotation of the 
crown-wheel produces the vibration of the verge and pendulum 
p c, the crown-wheel being the driver." 
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ANCHOB ESCAPEMENT. 

138. This escapement is yerj commonly used when the 
axes of the wheel and verge are parallel. Here c is the 
centre of the wheel, n that of the escapement a d b. In the 
figure, a tooth a is represented 
as having juat escaped from 
the pallet a, and a tooth h on 
the opposite side of the wheel 
has met the pallet b ; the pen- 
dulum (attached to the aads 
passing through n) will not 
stop here, but will advance a 
little further to the left, and 
so the slope of the pallet b will 
drive the tooth h Dack again 
a little, and thus produce the 
recoil, which may be observed very plainly in any common 
house clock with a seconds hand. The sloped faces of the 
paUets cause the teeth of the wheel to give them impulses 
m escaping, so as to maintain the motion of the pendulum. 
This kind of escapement is much the most common, and will 
probably never be superseded, as it is sufficiently accurate 
for ordinary purposes, and is very easy to make, since no 
particular form is required for the pallets. This escapement 
is said to have been invented by Dr. Hooke about 200 
years ago. 

LEVEE ESCAPEMENT. 

139. "A very simple arrangement is shown in the annexed 
figure. The revolving wheel, of which the centre is a, has 
pins a, hy c, &c., and turns in the 
direction of the arrow; n is the verge, 
n, n the pallets; which are fixed 
against the face of an arm (or lever) 
n n, which lies parallel to the face of 
the wheel, and so far from it as to 
clear the tops of the pins. The pia \*^^^^ 
a is shown in the act of pressing the 
pallet m, and therefore of depressing the arm ; when this 
pin reaches n, it escapes from m and begins to act upon 
n, by which it raises the arm and escapes at the lower end 
of », when the pin h begins to touch and depress the first 
pallet m, and so on.'* 




8S THB COmiOIf VESUmMM. 

140. " In all these escapementB the rerge may be made 
the drirer, and thus a reciprocating motion may be made to 
produce a rotation. The wheel inR always rerolve the 
contrary way to that in which it tmns when itself drives." 

THJE comtOH FKNurxrib 

141. The common pendulum ia one of the edmptest of 
stnentific inatmmeate, and also one of tbe meet important ; 
lor by its means we are enabled, not only to measuTe time 
with precision, bnt to determine the variation of the force 
of gravity at different parts of the earth's sur&ce. 

"Any weight, attached to the end of a rod, wire, or 
fieiible thread, and Buspended from a fixed point p, may be 
said to constitute a pendulum. Its fimdamental propertiea 
are first, to show, when at rest, the exact vertical, or the 
direction in which gravity acts (when tund for this purpose, 
it is usuaUy called a phivA-lme) ; meondh/, to oedllate in a 
vertical pume when drawn on one aide, and then left to 
itself. If, for exmnple, the pendulum 
p C be drawn aside to A and liberated, 
it wiU descend to c, and then ascend on 
the other side as far as b, describing an 
arc B c, nearly equal to tbe arc a c. 
From the point b it will again descend 
' o c, and then ascend towards a, and so 
n, for a considerable time. When the 
rei^ht is descending from a to c, the 
motion is accelerated, and in ascending 
from c to B it is retarded. The motion of the pendulum 
from A to B is called an oscillation or vibration. The ampli- 
tude of each vibration is measured by the arc a b in degrees 
and minutes. The duration of a vibration ia the time of 
describing this arc. If the amplitude of the vibrations of 
the pendulum does not exceed a certain magnitude, the 
time of vibration will not sensibly va^, however the 
amplitude may vary. Thus the time of oscillation will 
be practically the same, whether the angle a p c be 4° 
or 5°, 2° or 3°, or of so small a magnitude that the eye 
cannot distinguish it without the aid of a microscope. It 
is certainly remarkable that the pendulum should require 
as much time to describe an arc of .j'jth of a degree, as to 
describe one of 10 degrees. The reason, however, wiU be 
evident when we consider that the e^t of gravity in 
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producing motion depends upon the obliquity of the line pa. 
tn the position p c the force of gravity tends to keep the 
pendidum at rest ; the impelling effect of the force of gravity 
is measured by the distance of the pendulum from this 
position ; the greater this distance, the greater the average 
velocity of descent ; and any increase of distance within a 
few degrees is exactly compensated by the increased speed 
of describing it.'* — ihmlmson^t Mechanics. 

142. To show the nature of the application of the pen- 
dulum to clocks, let p c (fig. to Art. 137) be a seconds 
pendulum vibrating on the axis c c of the verge. It will 
rea£ly be seen, ficom what has been already shown, that at 
each double vibration of the pendulum, one tooth of the 
crown-wheel a is liberated and carried round ; and, if there 
be 30 teeth in the wheel, it will exactly make one revolution 
in a minute. The slight impulses given by the teeth of the 
wheel to the pallets a and 5, suffice to overcome the Motion 
of the axle c c and the resistance of the air, which would 
otherwise destroy the motion of the pendulum. 
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PART II. 



CHAPTER I, 

MECHANISM AND PARTS OF MECHANISM DESIGNED TO EFFECT 

PROPOSED OBJECTS. 

In the chapters of the preceding part of this work, the 
simple forms or elements of mechanism and small com- 
binations of mechanism have been considered, in most cases 
without regard to the object to be effected ; the method of 
classifying the different forms of which all mechanism must 
consist, and calculating the ratio velocities and powers of 
the combinations must necessarily occupy the first place in 
a work of this kind. It vsrill now be proper to consider 
the most approved forms of mechanism exclusively with 
regard to objects to be effected. Machines, or parts of 
machines, specially designed to regulate motion, shall now 
be considered. The variable action of steam and the wind 
as prime movers, and, in some cases, the variable resistance 
of the work to be done, have called forth the necessity 
of those contrivances ; since it is always desirable and often 
necessary, that the parts of machines should have a uniform 
and regular motion. 

REGULATOES AND ACCUMULATORS OF MOTION. 

THE FLY-WHEEL. 

143. The nature of the motion of the fly-wheel has been 
already referred to at the end of Art. 21, but the marginal 
' figure shows the usual manner of its application as a 
regulator of motion in the steam-engine. It consists of a 
large heavy metallic wheel e f, to which motion is given by 
the crank a b, which is fixed to the axle of the wheel at a ; 
to the other extremity b of the crank is attached the con- 
necting rod b d, to which a reciprocating motion is given by 
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the great beam d o moving on the axle c. To the other end 
of the great heam (not 
shown in the fig.) is at- 
tached the piston rod of the 
steam-engine which gives 
the reciprocating motion to 
the beam. 

The fly-wheel is also an 
accumulator of motion, for 
when the impulsive force of 
the steam is greater than 
the resistance of the load, 
the surplus is imparted to 
the wheel, to which it 
gives a slight increase of speed ; and owing to the great 
weight of the wheel, an increase of speed, which is scarcely 
sensible, absorbs an immense amount of moving; force. 
When the impulse of the steam becomes less than the 
resistance, then the momentum or moving force of the 
wheel acts upon the load, and that part of the surplus force, 
which was previously imparted, is given back, and the wheel 
assists the piston in moving the load past the dead points, 
and when at the same time the steam is weakened by 
expansion. When the moving force is in excess, the fly- 
wheel absorbs the surplus ; and when the moving force is 
deficient, the fly-wheel gives back what it has absorbed; 
thus producing a continual uniformity of motion. 




THE OOVEBIfOE. 

IM. This is one of the most important regtdators of the 
steam-engine as well as of other machinery. The arrange- 
ment usually adopted in the steam-engine is represented in 
the following figure. Two balls i, i, are attached to equal 
rods of iron n a, H (}. The arrangement is composed of a 
series of jointed rods h r, e p, which play upon a vertical 
spindle o n, being fixed at h, but capable of sliding upon it 
at £. When the balls are separated so that the rods h g. 
Ha become more divergent, the arms h f, h r open, and the 
pivots P, f separating, draw down the collar s, which slides 
upon the spindle; and on the contrary, when the balls 
approach each other, the arms h r also approach each other, 
and the ooll^ e is forced up. In the collar e is inserted 
the forked end K of the lever ir l k. The end v of this lever 
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IB connected, as shown in the fig., with the throttle-valTe t 
of the steam-engine, and the proportion and poaition of the 
Tods are so adjusted that when the balls descend to their 
lowest position, the throttle-valre becomes open ; and when 
thejr separate it becomes gradually closed. A grooved 



wheel A B, or oftener a toothed pinion, is fised upon th 
axle of the spindle, which receives its motion from any 
convenient part of the machinery. Now, suppose the load 
of the engine to be suddenly dimiuiahed, or the force of the 
steam increased, then a momentary alimentation of speed 
will take place in the piston, and consequently an increased 
veloci^ will be imparted to the wheel a b and the balls of 
the governor ; these balls will therefore fly further from the 
Spindle d c, the fork s will be drawn down, the throttle 
valve T partially closed, and the supply of steam to the 
cylinder diminished. If, on the contrary, the load of the 
engine be increased, or the force c^ the ateam diminished, 
the speed of the piston will be momentarily slackened, the 
vehxaty of the wheel a b will be diminished, the balls will 
descend and approach the spindle, the fork e will be raised, 
and the valve t be partially opened. In this manner the 
gorenuir haa the eneot of admitting at all times to the 
cylinder just that portion of ateam which is necesBBiy to 
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giye the piston its proper speed, tbe qwuitity being almye 
proportioned to the load of tne engine. 

145. The annexed %. Bhows another 
form of the governor, in which the rods 
Cf, (> ffi have a common joint o in the 
TCTticaf apindle a. a, and are connected bj 
tihe links y s, y s, with the sliding piece b 
Thicb acts upon the throttle valve as in 
the last article, rotatory motion being 
given to the spindle a a by the bevel- 
gear o. 

Note. The method of calculating the wdght of 
the bsJla, ka, of tJie govsnior ho that they may 
prodace a given effect upon the lever of tbe 
throttle valve, ia given in a clear manner in Bann't 
TraUiie on tht Slmm Engine. 

THE SATETT TALTE. 

146. The safety valve ia for the purpose of preventing the 
huTBting of steam-engine boilers by the elastic force of the 
steam. A F is a graduated lever ■ 
tumins on T as a fidcmm, T is 
the valve, which is raised when 
the elastic force of the steam | 
becomes too great for the pree 
Bore of the weight w, which ' 
presses down the valve by means of the lever a e. 

THK SPBIHQ SAE£TT TALTE FOK HIOH-FBESSOBB BOILBBS. 

147. In the following fig. is shown the safety valve for 
hi^h-presBure engines. The valve is shown in its seat, its 
nimdle » being pressed down at a by the lever bag; o is a 
ued pivot on which the lever tuma ; the pressure on the 
valve at A is produced by a nut at b, working upon a screw, 
which ia attached to a spring balance i, the lower end of 
which ia attached to a fixed point f. The nut at b may be 
turned so as to submit the valve to any pressure within the 
limit of the action of the spring-balance. An index and 
scale are attached to the balance, the scale being so divided 
as to express the number of pounds per square inch by 
which the valve ia preaaed upon ita aeat. Thus, if the nut b 
be turned until the index shows a pressure of SO lb., then 
tbe force of the valve will-be at the rate of 60 lb. per square 
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inch, and the steam will be confbtied in the boiler untU it 
has attained that pressure ; when the pressure exceeds that 
limit, the lever at b by the action of the steam on the valve, 




presses the nut upwards with a force greater than the strength 
of the spring, which will consequently be further compressed, 
the valve at the same time opening and allowing the escape 
of the steam. 

148. There are various other arrangements in mechanism 
for regulating motion appended to the steam-engine, as the 
hoUer-feeder, the self-acting damper, the steani-gatige, &c., 
which render that important engine completely self-acting ; 
but these shall be hereafter described umder the head of 
Steam Engine. The pendulum is also an important regulator 
of motion, but it has been already described in the chapter 
on escapements, with which it is particularly connected. 



MECHANISM FOR MODIFHNG MOTION. 



89 



CHAPTER II. 



MECHANISM FOR MODIFYINO MOTION. 

149. Since the production of motion by the moving power 
of machines, as the reciprocating action of the piston of the 
steam-engine, and the nature of the work required to be 
done, which sometimes requires regular circular motion, and 
sometimes motion varied according to a fixed law ; also since 
regular circular motion, as that produced by the water-wheel, 
is frequently required to be converted into reciprocating or 
some other varied motion; there results a necessity for 
modifying these motions of the moving power to adapt them 
to the particular requirements of the arts and manu&ctures. 
Several methods of modifying motion have been already 
given in Chapters VI. VII. and VIII., where the methods 
of calculating the velocity ratios of the parts, and of con- 
structing the particular forms of the mechanism, are given. 
Several other modes of modifying motion shaU now be given, 
many of which are very ingenious, and more or less used in 
practice. They are chiefly taken from that excellent and 
scientific work on Mechanism, hy JProfessor Willis, 

TO CHANOE A EECTPEOCATINa MOTION INTO A CONTINrOTTS 

CIECTJLAE MOTION. 

SITN AND PLANET WHEELS. 

150. "This arrangement 
was invented by Watt as 
a substitute for the common 
crank, in converting the re- 
ciprocating motion of the 
great beam of the steam- 
engine into the circular 
motion of the fly-wheel. The 
rod D B has a toothed wheel 
B fixed to it, and the fly- 
wheel E E, has ako a toothed 
wheel A fixed to its axis ; a 
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link A B serves to keep these wheels in gear. Now, when the 
beam c d (the centre of which is c) is in action, the link or 
arm A B will be made to revolve round the centre a just as a 
common crank would, but as the wheel b is attached to the 
rod D B, so as to prevent it from absolutely revolving on its 
own centre b, every part of its circumference is in turn 
presented to the wheel a, which thus receives a rotatory 
motion." In "Watt's engine the wheels a and b were equal, 
and therefore the fly-wheel revolved twice as fast as the 
crank-am. 

THE LETEBS OF LAGAEOTTSSE. 

** 151. Mrst Arrangement. " Let a be the centre of motion 

of the lever b a, d that of the ratchet wheel, and let the 

lever have two clicks ah^ ac, jointed 

to its extremity a, and engaged with 

the opposite side of the whed. When 

a is depressed, the click h will push 

the teeth, and the click c wiU slide 

over them ; on the other hand, when 

a is raised, the dick c wilL act upon 

the teeth, but h will now slip over 

them, so that whether a rise or fall 

the wheel is made to move in the direction of the arrow." 

152. Second Arrcmgement, " Here 

A is the centre of motion of the lever 

B A a, and clicks a 5, c d^ are jointed 

at equal distances on each side of a. 

When a rises, the click a 5 slips over 

the teeth, and dc pushes them; but 

when a £alls, the click pushes the teeth, 

and dc slips over them." 

Nott. Leyers either of the latter kind with two clicks, or with a 
single click accompanied by a detent, are also employed to move rack^ 





TO CHANGE A COKTIKITOITS CIECULAB MOTION INTO 
A BECIPBOCATING EECTILDTEAE ONE. 

153. " In the annexed figure, a 5 c is a revolving piece or 

driver, which ha« three equal 
wipers or tappets, and the fol- 
lower is a sliding bar and frame 
D A B c provided with two teeth 
or pallets a and b, on opposite 
sides of the centre of motion 
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of the driTer, wfakh reyolyes in the direction of the arrow, 
and its wiper a is shown in the act of urging the follower to 
the left, bj pressing against the side of the tooth a. 
Sevolving a little farther in the same direction, a will 
by its circular motion escape from a, and at the same 
instant h wilL encounter b, and will Tirge it in the opposite 
direction imtil h in like manner escapes from it, when c will 
act upon A. In this way the rotation oiahc will produce the 
reciprocation of the frame.'* 

154. In this arrangement the wheel a, the centre of motion 
of which is a, by means of the excentric reyolving 
pin Cy working in the sHt of the arm h d^ the centre 
of motion of which is ft, gives it a reciprocating 
motion. This is the same combination as that of 
Art. 106, but that in this caae the pin r, by revolving 
always on the same side of the centre 5, produces 
reciprocation, while in Art. 105 the pin, having 
the centre h within its path, produces a rotation in the 
follower. 

155. In the marginal figure, the slit is attached 
transversely to the bar 6, which slides in the 
direction of its length, the wheel c revolving on 
its centres, ^d carryipg the pincwhich acts 
in the slit. In this case it is easy to see that the 
law of motion is ihe same as in a crank with an 
infinite link. 

156. The sliding bar en is connected with 
a frame, of which the two bars e f, g hj are 
parayel, and at right angles to the bar ; a is 
a wheel the centre of which is 5, and its centre 
of motion «. This combination is precisely the 
same as that in the last article, a h being the 
radial distance from the centre of motion a, 

THE SPIRAL OB SOLID CAKB. 

157. " If a single series of changes in velocity and direc- 
tion be required, and which are too numerous to be included 
within a single rotation of a camb-plate, then the spiral or 
solid camb may be used, a a is the axis of the camb, on 
one extremity a of which a common screw is cut, which 
works in a nut in the frame of the machine, so that as the 
axis revolves it also travels endlong, b is the solid camb, 
B the roUer of the follower whose path ismd, and which is 
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kept in contact with the camb by a weight or spring as 
usual. As the axis revolves the follower n d will receive 

from it a motion in its path, the 
velocity and direction of which will 
be governed by the figure of the 
= camb, as in Art. 131. But by- 
means of the screw at «, the camb 
wiU be gradually carried endlong, so that at the completion of 
each revolution the same point of the camb will be no longer 
presented to the follower, as in Art. 131, in which the same 
cycle of changes is repeated in each revolution. On the 
contrary, the path traced by n on the surface of b wiU be a 
spiral or screw of the same pitch as that at a, and by 
properly shaping the comb, we can thus provide a series of 
changes that will extend through as many revolutions of the 
camb as the length of the camb contains the pitch of the 
screw «." 



THE SWASH PLATE. 

158. "e e is a revolving axis, Grg a bar capable of sliding 
in the direction of its length, and having a friction roller 
at ^ ; a flat circular plate p is fijced to the ex- 
tremity of the axis e e, but not perpendicular 
to it ; the bar Org may be pressed into contact 
with the plate by a spring or weight. Now, if 
the plate were perpendicular to its axis, the 
rotation of the latter would communicate no 
motion to the bar, but the effect of the inclina- 
tion is to communicate a reciprocating motion 
to the bar in the direction of its length, the 
quantity of which varies with the inclination of the plate to 
its axis ; and if the plate be so attached to the axis as to 
admit of an adjustment of this inclination, a ready mode is 
obtained of adjusting the length of the excursions of the 
bar." — See JProf, Willises Mechanism, Art. 359, where the 
law of motion of the bar Qg is investigated. 




WATT S PAEALLEL MOTION. 



159. This simple and beautifrd arrangement of link-work 
was invented by the celebrated "Watt, to convert the reci- 
procating circidar motion of the extremity of the great beam 
of the steam-engine into a reciprocating rectilinear motion 
adapted to the piston rod. 



watt's parallel motion. 
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Let the two equal rods c b and o d, connected by a third 
rod or link b d, move on their fixed centres c and o ; and 




let M be the middle of the rod b d. Now, if c b be made to 
move on its centre c alternately upwards and downwards in 
the arc b' b", which will cause o n to move alternately in the 
same manner in the arc n' d", it will be found that the point 
H will ascend and descend in a line m' m", which will not 
deviate sensibly from a vertical straight line. For when the 
point B is moved upwards to b', the upper extremity of the 
rod B is drawn a little to the right; and at the same time 
the extremity n to the rod o d, being moved to n', is drawn 
a little to the left. When the extremity b descends to b", 
the extremity.!) descends to d" ; thus the two extremities 
are again drawn, the one a little to the right, and the other 
a little to the left. It will be easily understood that while 
the ends of the rod b d are thjis alternately made to move 
right and left, its middle point k will not sensibly deviate 
to the right nor to the left, but will move upwards and 
downwards in a line not sensibly varying from a vertical 
direction. 

160. " The complete parallel motion, which is most 
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nniTenalljr adc^ted in large steam-engiiies, is shown in the 

annexed fig. When 
so employed the 
beam of the engine 
becomes one of the 
radius rods of the 
system, a b is half 
this beam, of which 
the centre of mo- 
tion is A. It has 
two links E D, B F, 
jointed to it, of 
which BF is termed 
the maifirlmk, and e n the hack-lmky and these are connected 
below by a third link n r, termed the parallel-rod, and equal 
to B E. The radius rod or hridle-rod c d is jointed to the end 
D of the back-link e d, and its centre c is fixed at a vertical 
distance below a equal to B n or b r. The length of the 
rods are so proportioned that p shall be the point to which 
the rectilinear motion is communicated, or parallel-point as 
it is termed." — See Prof, Willis's Mechanism, Art. 447, who 
deduces &om a learned and abstruse inyestigation, the 
following simple equation exhibiting the proportions of the 
parts constituting the parallel motion. 




or 0© = 



AE^ 
DP 



AB- = CD X BF, 

= length of the radius rod. 



161. " Since the parts ae, bd, en considered separately, 
form a system similar to the arrangemeut in Art. 159, it 
follows that if the proper point d between d and e be taken, 
an additional paraUel motion is obtained ; so that this farm 
combines two parallel motions in one, and is commonly so 
employed in steam-engines, by suspending the great piston 
rod p p from p, and the air-pump rod da from d in the link 
BD." The positicm of the point d is found from the follow- 
ing eqnalion. 



j>d =^ 



E B . A B 

AB 4- on* 



Iftie, If the ajstem of hok-woik oonsUiatiiK)[^ the parallel motiim be 
moyed into all the positions it is capable of taking, the actual paths of 
the points F and d would be found to be, since the extent of the stroke 
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of the piston is small, curves in the shape of the fi{^ 
portion of the curves described, differ insensibly from rigf 
Prof. Willi8*8 Mechanism, Arts. 441 to 452, where various ot 
investigations on the same subject are g^ven. Mr, Hann, in Ms wvr»t ^^ 
the SkamrEnffinef has also given similar methods of constructing the 
parallel motion. 

"WnaiTB's PAEALLEL MOTION. 

162. Toothed wheels are Bometimes used in parallel 
motions ; their action is necessanly not so smooth as that 
of "Watt' 8, but on the other hand the 
rectilineal motion is strictly true, 
instead of being an approximation. 
''A fixed annular wheel b has an 
axis of motion a at the centre of 
its pitch-line. An arm or crank 
A B revolves round this centre of 
motion, and carries the centre of a 
wheel B, whose pitch-line is exactly 
of half the diameter of the annular 
wheel D, with whose teeth it gears. 
By the well-known property of the 
hypocycloid, any pomt c in the circumference of the pitch- 
line of B will describe a right line coinciding with a diameter 
of the annular pitch-cirde. K then the extremity of 
a rod c e be jointed to this wheel b, by a pin exactly 
coinciding with the circumference of its pitch -circle, the 
rotation of the arm ab will cause c to describe an exact 
straight line, ef, passing through the centre a.'* 

Note. ** Since a c= 2 cos. b a c, it is evident that the velocity ratio of 
c to A B is the same as in the common crank, and the motion produced 
on o is equal to that which would be given by a orank with a radius 
equal to 2 A B, and in infinite liak.** 
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CHAPTER III. 



TBB CBAI. 

168. This machine is chieflj used for raising building 
materials to a great height. It is worked by two htrndles, 
2 H H, vbich turn the axle a p, 
on which is fixed the pinion 
V, turning the spur-wheel a, 
on the a^e of Vhich is £zed 
the barrel or drum s; the 
rope B coils round this barrel, 
and passes over a pulley fixed 
upon the scaffolding to which 
the materials are to be raised. 
When very great weights are 
required to be raised, the 
power of this machine may 
be greatly increased by the 
addition of another spur- 
wheel and pinion. The re- 
usually prevented by a ratchet- 

Example. — Let the length of the winch of each of the 
handles h h be 18 inches, the radius of the pinion p = 2 inches, 
the radius of the spur-wheel a = 20 inches, and the radius of 
the barrel or drum b = 8 inches ; required, the weight that 
can be raised by the crab when a continuous power of 1501b. 
is applied to the two handlesP 

By Art. 30, e,™. (2) w = "" ^ ^^^ '° = 3375 lb., 

= 30cwt., 151b., the weight required. 

THE JIB CBAKE. 

164. This machine is used for raising weights vertically 
by means of a rope or chain coHing round a biurel and 
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paesing over a pulley or pulleys attached to a projecting 
arm, called tliejib. 

In the annexed figure, the jib jlee reats as well as turns 
on an axle e, firmly fixed in masoniy, and is ^o further 
supported by roUers. The handle A turns a pinion a, which 
turns the spur-wheel £ ; a pinion on the axle of i turns the 
wheel c ,- on the axle of tbe wheel e ia a barrel, round which 
coilfl the chain ^,^,j) passing oyer two pulleys p, p; the 



end of the chain has a hook d to lay hold of the weight 
which is to be raised. The barrel on the axle of the wheel 
e is fumiahed with a ratchet-wheel and detent. The 
crane admits of being turned round bo aa to bring the hook 
d over any object lying within its circular range, and afterit 
ia raised the whole machine may be turned round again, to 
depoait it at any other place within that range. 

When the crane ia not required to lift very great weights 
only one spur-wheel b ia necessaiy, to the aue of which the 
bairel is fixed in this caae. 

Note, — Tbu anme, which wm patented by Jfeun. W. Ritrbaim and 
S>iu, MatieAater, afibrdB an additiniiBl example of the eitensioil of the 
tabular ^Btem in the light and elegant conatruction of ita jib. 

Example. — Let the length of the winch or handle h 
=20 inches, the radius of the pinion 0=3 inches, the 
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radiuB of tie wheel J = 18 inches, the radiua of the 
pinion on the axle of & = 4 inches, the radius of the wheel 
c=24 inches, and the radius of the barrel on the axle of 
c=8 inches; required, the weight the crane will lift when a 
continuous power of 1001b, is applied to the winch ? 



By Art. 30, equa. (2) i 



100x20x18x24 



3x4x8 

= 4 tons, 40 Jb., the weight required. 



165. This engine i 




weight of the sliding piece 



used to drive piles into the ground 
for the support of the piers 
of bridges, or heavy walls, 
where the soil is not suffici- 
ently firm to carry the struc- 
ture. B is a heavy block of 
metal, usually about 10 cwt., 
called the ram, which being 
drawn up by a chain passing 
over the pulley p, falls by its 
own gravity upon the head of 
the pile p, and thus drives it 
into the ground. The ram ia 
drawn up by a crab (described 
at the beginning of this Chap- 
ter), and at the end of the 
chain ia a pair of nippers » f, 
which lay hold of the loop at 
the top of the ram; risaheavy 
sliding piece fixed on the nip- 
pers, and when the ram la 
drawn up to near the top of 
the frame aa bb, the two 
forks a of the nippers are 
closed between the inclined 
stays OS, en, thus causing the 
nippers to open below, which, 
releasing the loop, allows the 
ram to fall upon the head of 
the pile. The nkipera are 
^ then allowed to iall by the 
», and they are so contrived as to 
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fix ihemselyes on the loop of tlie ram, w) 
for another ascent. The height of th< 
from 20 to 30 feet. There are varioi 
constructing the pile engine, but tl 
is the most commonly used. 



o 
o 



^lined 



THE HAim JACK. 

166. This machine is much used in raising large blocks of 
timber or stone through a short space, by 
builders ; part of the case of the machine 
is open to show the wheel-work, &c. h is 
the nandle, which turns the piaion a acting 
on the spur-wheel c ; the pinion h, on the 
axle of Cy acts upon the teeth of the rack 
B B, which is provided with a fork to lay 
hold of the beam pr other material to be 
raised ; and n is a detent to hold the rack 
as it is raised. The power of this machine 
may be calculated by Art. 30, equa. (2). 

Mccmple.-^ltet the length of the handle 
H = 20, the radius of the spur-wheel 
€ = 15, and the radii of the pinions a 
and b each 2 inches ; and let the power 
applied at h be 1 cwt. ; then the power 
acting on the rack, th^t is, the 



power at r 



20 X 15 X 1 cwt. ^^ , 




THE PATKITT EXCAVATOB. 

167. This machine, originally an American invention, is 
capable of cutting and levelling earthwork for the making of 
railways and for other works, at a cost considerably below 
mamial labour, and which has the additional advantage of 
saving much time. By the attendance of the engine-man 
and assistant, together with the labour of six men for 
carting away the removed earth, this machine, it is said, can 
be made to excavate 1500 cubic yards in twelve hours, at a 
cost of fuel of 12*. per diem. The cost of the machine is 
1500Z. Earthwork in England has generally been taken at 
lOd. to 1*. per cubic yard. 

* See " Ensamples of Bedlway MsJting," royal 8vo. 
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^^^h appfu^tua k a strong rectangular frame of wood, or 
P'^lrer material, mounted upon wheels, supported, together 
^ith the machine, on a temporary railroad; at one end 
/of thia frame is a strong crane, consisting of a vertical shaft 
'' or pillar, with the jib supported by diagonal stays, or arms : 
to the end of the chain tackle is suspended a scoop, shovel, 
or scraper, made of strong boiler-plate iron, and consisting 
of two sides, end, and bottom, the edge of which latter is 



provided with four or more projecting points or cutters ; 
and between these, and at their roots, is a steel edge, well 
tempered, bo as to resist stone or other hard substance with 
which it may come in contact : the chain tackle is attached 
to the sides of the shovel, and passes over a pulley at the 
end of the jib, and over another pulley fiied on the top 
of the pillar or support of the crane, and from thence to the 
barrel, upon which it is mode to coil. The periphery of the 
last-mentioned pulley is formed with indentations to receive 
the links of the chain, for the purpose of giving motion to 
the pulley, which has on its asis a bevel-wheel, taking into 
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snd driying a similar wheel, upon the end of an inclined 
sbafb, which shaft actuates certain machinery fixed to and 
supported hj the diagonal arms of the crane. This machinery 
.consists of a barrel, with other appurtenances, round which 
is passed a chain, with its ends attached to the opposite ends 
of a beam or arm, which is also fixed to the shoYel or scraper. 
The crane is <^pable of being moved round,' so as to turn the 
scoop, when elevated, either to the right or left, in a hori- 
zontal difection; for this purpose a "horse-shoe pullej," 
having a groove in its periphery, is afiixed to the upper part 
of the crane : a chain, attached at each end to a transverse 
bar, passes roimd this pulley and over certain horizontal 
and vertical guide-pulleys, to a barrel, in such a manner 
that, by reversing the motion of the barrel, the jib of the 
crane can be turned either to the right or left. A steam 
engine is erected at one end of the rectangular frame, 
or platform, for the purpose of giving motion to the various 
parbs of the apparatus. When commencing operation, the 
shovel, or scraper, is suspended by the chain 'tackle in a 
nearly vertical position, with the steel points towards the 
sround: by releasing the clicks, or catches, of the chain 
Darrel, and applying the brake, the shovel will be lowered, 
and force itself, by its own weight, into the ground ; then, 
by communicating motion to the chain barrel, the tackle 
will be raised, and, by means of the indented grooved pulley, 
motion will be given to the shaft which actuates the macninery 
on the diagonal arms, which, in its turn, wiU force forward 
the shovel into the ground. At the same time that this 
motion is going forward, the shovel, or scraper, is being 
raised or lifted up by the tackle, by which means the shovel 
has a double motion — a thrusting forward motion and a 
lifting motion. When the shovel has become filled, and 
attained its proper altitude, these motions stop, and the 
shovel being prevented from returning by the clicks, or 
catches, the otner barrel is thrown into gear by means of 
a coupling or clutch-box, and the crane turned round so 
as to bring the shovel over the cart, or other place of deposit; 
and by certain arrangements it is turned up so as to empty 
itself, in which position it is again reaay for another 
operation. 

TTKCOrPLIKG FOB BAILWATS. 

168. This apparatus was first used on the Taunus Bailway, 
which, from its simplicity and efficiency, cannot be excelled. 
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THE DREDGING MACHINE. 



It is attached to the hinder part of the tender t, and is used 
in case of emergency, as well as being constantly used at the 
stations, saying mucn trouble, and with less danger to engine- 
men, as they can disconnect at anj speed or at any time, 
whether the engine and train are in motion or not. The 

apparatus coiudstB 
of a leyer AC,moying 
on af ulcrum b, which 
rests on the tender 
at K; this leyer is 
keyed at c to a rod 
CE, which is con- 
nected with a double 
eye and rod to the 
slightly conical pin 
D, going through the 
large double eye d, 
which is attached to 
the drag-spring E of 
the tender t; the 
links E, E are to 
admit the yibration 
of the drag-spring, 
which is alwaysmore 
or less stretched 
when the train is 
behind the tender; 
G is a guide, bolted 
upon the planking of 
the tender, to keep 
the pin d always in 
a right position ; h is 
a s^dard or catch- 
plate screwed upon 
the tank to hold the 
leyer a c in its place. When it is found necessary to uncouple 
the engine, the leyer a c is lifted out of the notch of ttie 
plate H and allowed to fall, by which the pin d is raised and 
the engine is immediately disengaged. This piece of me- 
chanism was inyented by Mr.Thorman,of Newcastle-on-Tyne. 

THE BBEDGING MACHINE. 

This machine is used for raising sand, mud, and grayel 
from the bottoms of harbours and nayigable riyers, for 
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tiie purpose of increasing their depth and improving their 
nangataon. 

169. The boat, or vessel that contams'^ftheTdredging 
machine, b7 Meifr». Summers and Co., is~ 90 feet fong 



and 22 feet on deck. A section of the steam-engine, that 
works the dredging apparatus, is shown in the figure : a is 
the boiler, B the engine, Ac., both of which are adapted 
to marine punrases. The endless chain abyb carries a 
series of bucKets (, b, h, &c., which are attached to its 
alternate links. The cbam passes over the toothed axle 
fixed on the wheel 6, and a Buuilar axle at T, which is near 
the bottom of the water when the machine is at work. The 
fbll buckets ascend on the upper side of the chain, and on 
passing a become inverted, emptying their contents into the 
small boat e. The buckets are pmorated to let the water 
run out of them, and their top extremities are pointed to 
pierce the mud, sand, &e., at the bottom of the water. 
Motion is given to the fly r, and the wheels o and D, by the 
crank-shaft of the engine s, and communicated by the line 
of shafting e, e, e, to the wheel G by a pinion, not shown in 
the figure, and &om thence to the buckets. The bucket- 
irame H, acting on the axle of the wheel e as a centre, is 
regulated to a proper depth La the water by the engine, by 
means of wheels which act upon the barrel r, and round 
which the chain of tackle t passes, as shovm in the figure. 
The number of the buckets may be from 20 to 40, according 
to the depth of the water ; each bucket ia 26 inches wide, 
16 inches Ibroad, and 17 inches deep ; and formed of the beat 
plate-iron f of an inch in thickneas ; alao on the fronts, or 
pointed parts of the buckets, are fixed pieces of iron edged 
with steel, for the purpose of increasing the etrength of that 
portion of the bucket, and the better adapting it for coming 
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in contact with hard materialB. With an en^e of 20-horse 
power this aBparatus will lift, from a depth of 18 feet, about 
110 tons of mud or clay per hour, or 160 tons of sand or 
gravel in the same time, but in very hard ground, intermixed 
with stones, no proper amount of quantity can be given. 

ZHS DSlLasa HAOHINE. 

170. Where great accuracy is required, the common 
method of drilling holes with the bow cannot be applied, 
especially where large holea are to be bored in metaL The 
portable drilling machine, shown in 
the margin, is a simple and useM 
contrivance, which may be driven 
either byhand, or hyother machinery. 
Upon the bed A the standards B, B 
are firmly fixed, supporting the two 
bcariDgs e, c of the drill-spindle ltd, 
in which the drill d is fixed. The 
drill-spindle is turned round by the 
bevel wheels a, i, the former being 

fixed on the axle of the fly-wheel r, 

which is worked by the handle H. 
To give the drill the rec[uiaite vertical motion there is a 
amaUfiy-wheel/workingnpon the screw Jon the top of the 
spindle n d. This machme is one of Mr. Jamet NatmgiKt. 

THE EAITD-nBILL. 

171. Where moderately heavy work 
is required to be done, and where the 
drill just described cannot he applied, 
the hand-drill may be advantageously 
used : motion is given to the machine 
by the handle A, through the bevel 
wheels a, h, to the drill d, the part 
m of the frame being placed againsii 
the breast of the operator. 

ITASUTTH'a 700T-DaiLL. 

172. This machine is driven by the riggers or pulley i, 
the one running loose while the oUier is fixed to the spindle 
for conveying the motion by means of the upper and lower 
sets of speed-pulleys c, the strap of which is shown by the 




THE COHUOH FOOT-LATHE. 



dotted lines. The motion is then carried at right angles to 
the drilling spindle ti bj the bevel wheela e. A moveable 



table ff, for suppoTting the work to be drilled, is fixed in the 
&ame a, in which it filideH, and can be raised or lowered b^ 
the wheel h and screw h', according to the eiae of the work. By 
means of the footboardy" working as a lever on its fulcrum, the 
drilling-spindle ia mode to rise and fall ; the pressure of the 
foot on the board canaing the rod/' to rise, which, bj the 
tipper lever fixed to the finme of the machine, depressefl the 
spindle d while it is revolving; as soon as the pressure ii 
withdrawn, the counterbalance weight y" causes the drill to 
ascend to its former position. 

THE OOUMOB FOOT-LATHE. 

173. This machine for turning metals or wood, by causing 
the material to revolve on central points, and he cut by a 
tool held by hand or fixed in a slide-rest, is by Messrs. 
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Whitworth. In tlie common foot-lathe, shown in the annexed 
figure, the cutting-tool is held by hand. 

The axis or spindle a b, is called the mandril, and is made 
to revolve with considerable variation of speed by means of 
the speed-pulleys s, s', which are connected by the band or 




strap 5, shown by the dotted lines. The frame r carries a 
pointed screw within the fixed female screw n e, the pointed 
screw is moved by the wheel e for the purpose of adjusting 
the distance b d to the length of the bar, which is to be 
turned; the frame e can be moved lengthwise by unscrewing 
the nut which fixes it to the frame of the lathe. The cutting 
tool of the workman is supported by the rest b, which can 
aUo be moved lengthwise by unscrewing the nut which fixes 
it. The speed-pulleys s, which act as a fl^*wheel, are made 
to revolve by the crank c, on pressure bemg appHed by the 
foot of the workman to the treadle t. The bar of wood or iron 
to be turned is fixed between the points b andn, and is made 
to revolve with the spindle a b by means of clutches, which 
lay hold of a small vice screwed upon the bar. 

Note. — In Chap. V. are given detailed descriptions of self-acting 
and self-adjusting lathes, which are adapted to plain and circular 
turning, screw-cutting and boring. The method of arranging the 
mechanism, and making the calculationB for cutting screws of any 
required pitch, shall next be given. 

174. " Change-wheeU are employed in lathes for cutting 
screws of any required pitch, and also in self-acting lathes. 
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The following figure represents the general arrangement of 

this mechanism; a 5 is the spindle or mandril of the lathe; 

to which is imited, in the usual way, a cylindrical rod h a, 

upon which the screw is to be 

cut. c is a long screw revolving 

in bearings fixed to the frame of ««< jfntniturr-^ i^K 

the lathe, and giving motion, by 

means of the nut n, to a sliding- 

table or saddle, upon which is 

clamped the pointed tool m, which 

is intended to cut the screw. Every revolution of the screw 

c c will therefore advance the tool m through the space of 

one pitch of its threads, and supposing the spindle a^ to 

revolve with the same velocity as the screw c c, the tool will 

trace upon the surface of & a a screw of exactly the same 

pitch as c ; but, if A a revolve with a less velocify than the 

screw cc^ha will have a greater pitch. 

" If A o and c c be connected by a set of change-wheels p, s, 
we can, by properly choosing the numbers of teeth in these 
wheels, obtain any required pitch for the screw h a. Let b 
be an intermediate axle supported by the framework of the 
lathe, and either carrying an idle wheel, or two additional 
change-wheels q and b. Now the pitch of screws is com- 
monly defined by stating the number of threads in the inch. 
Let the screw c c have n threads in the inch, and let the 
number of teeth in the wheels p, q, b and s be respectively 
represented by those letters ; then one turn of c c advances 

1 viich 
the tool m through the space of -' and one turn of a a 

advances the tool through the space which corresponds to 
turns of c, (Art. 30) that is, through inches. 

QX S '^ ^ ' ^ QX SXW 

The pitch of the screw a a is therefore ^threads in 

^ p y B 

the inch. Thus, by providing the proper change-wheels, a 
screw of any required pitch can be cut. The pitches usually 
cut upon these lathes extend from about 4 to 50 threads in the 
inch, and a set of twenty change-wheels will generally be suffi- 
cient to supply all values required for . These should 

be arranged in a table, and the wheels corresponding to each 
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written opposite to them to save the trouble of computation 
during the work." 

Example, — Let the numbers of teeth in the wheels p, q, b 
and s be respectively 18, 12, 24 and 12 ; and let the screw 
c e have 9 threads to the inch, orn = 9 ; 



then 



Qxsx» 12x12x9 



PXB 



18x24 



= 3 threads in the inch. 




Note. — *' It the apparatus, just described, be used for turning 
cylinders, instead of cutting screws, the arrangement will not essentially 
differ, for the motion by which a tool traces a cylinder is precisely the 
same as when it cuts a screw, only that the spiral thread is much closer. 
In a lathe for turning, the number of cuts will be from 50 to 1000 in 
an inch." 

PXTNCHHTG MACHrBTE. 

175. This machine is used for making holes for the 
rivets that join iron plates together for the purpose of 

forming the boilers of 
steam-engines; for this 
purpose immense force 
is required to be exerted 
through a small space. 
In this machine a heavy 
cast-iron lever l is used^ 
having its fulcrum at r, 
in the strong staadard 
B B ; the shorter arm 
carries the punch p, the socket of which is s, and which is 
kept fast bj the box a in which it slides. The longer arm of 
the lever l is raised bv the camb o, and is on the same axis 
as the heavy fly-wheel w, which is moved by steam or any 
other efficient power. 

SHEABS rOB OUTTINa METAL. 

. 176. In this machine l is a heavy cast-iron lever, moving 
on the fulcrum n ; the camb c, revolving on the centre of 
motion a, acts upon the friction roller p, which is attached 
to the end of the longer arm of the lever ; b, b are the 
edges of the shears, formed of strong steel plates to cut the 
metal, the lower of which is firmly fixed to the heavy block 
E ; the weight of the longer arm d |? keeps the friction 
wheel p in contact with the camb o, on the centre a of 
which is fixed a ponderous fly-wheel w. When the machine 
is in the position shown in the fig^e, the metal required to 
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be cut is placed between the edges b, b of the sbears, and 




the camb c revolving, raises the end p of the lever, thus 
causing the edges of the shears to close and cut the met&L 



SAW MILL. 



177. The annexed figure explains the connection of the 
parts of a saw mill, though various other constructions of 
the same machine have been recently produced. '' a is a 
toothed wheel, which may be sup- 
posed to be driven either by a water 
wheel or a steam-engine, and its 
teeth are engaged with those of 
the smaller wheel b, on whose axis 

is fixed a crank c and an excentric 

B. The crank is connected by a /^ ^ 
liTik with the saw frame n ; this ^^ 
is fitted between guides, and there- 
fore, when the crank revolves, 
receives a vertical oscillating mo- 
tion. The timber w which is 
submitted to the action of the saw, 
is clamped to a carriage which 
moves on rollers m, n in & hori- 
zontal direction. While the saw 

is in motion, as above described, the carriage and timber are 
made to advance in the following manner. The excentric 
X communicates an oscillating motion to the lever ef whose 
centre of motion is/; this lever carries a click r, which acts 
upon the teeth of the ratchet-wheel €h, to which an intermit- 
tent rotation is thus given. Upon the axis of a is a pinion 
H, which, gearing with a rack fixed upon the wood-carriage, 
causes the latter to advance towards the saw with the same 
intermittent motion. This intermission is adjusted to the 
motion of the saw-fi^ame, so that when the saw rises the 
wood shall advance ; and when the saw descends, and there? 
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fore CLttB the wood, shall remain at rest. The cut is made 

by the inclined position of the saw, the toothed edge of 
which is not vertical but elightly inclined forwards, so as to 
bring the teeth into auccesaive action during the descent of 
the frame. The detent l servea to hold the ratchet-wheel, 
and therefore the wood-carriage, Arm in its position during 
the out," — See ^rof. WilW» Mecham^m. 

THE 8U0EE lAOK. 

178. This machine is well known as being used in the 

kitchen to turn the epit. 
A B is a horizontal wheel 
in which vanes or sails are 
inclined to the horizon. 
The rarified air and smoke 
rushing up the chimney 
at B, strikes these sails, 
and causes the wheel to 
revolve together with the 
pinion o, which is on the 
same axis; c turns the 
face-wheel n uid the pul- 
ley B, which are on the 
same axis; and E carries 
the chain or cord which 
turns the spit. The wheel 
A B must be placed in the 
straighteat part of the 

■ chimney where the motion 
of the air is awii^t, and 
that the greater part of it 

. may strike upon the sails. 
The force of this machine 
increases in proportion to 
the heat of the fire, and 
the consequent higher rsr 
riiaction of the air. 

TEE C0HMO7I OliOOE. 

179. This figure represents the arrangement of the wheel- 
work of a clock of the simplest kind. " The weight w is 
attached to the end of a cord, which is colled round the 
barrel A. Upon the same axis as that of the barrel is fixed 
the toothed wheel b, and this wheel drives the pinion h, which 
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IB fised on the second axis c fi of the trun, which aiao 
carriea a wheel c. This wheel 
drives & pinion c upon the third 
axis, and upon this am is fixed 
a toothed wheel n, which is called 
an escapement or Bwing-wheel," 
(see Art. 138) one tootii of the 
wheel n eecaping or paeEong the 
line of oentrea for every vibra- 
tion of the pendulum e'f", which 
is attached to the verge e d, the 
pallets d on the verge being 
engaged with the teeth of the 
wheels. 

"Let the time of a vibration 
of the pendulum be t Beoonds, 
where f is a whole number or a 
fraction, and let the swing-wheel 
Iiave e teeth, then the time of 
rotation of this wheel is 2 te. To 
take a simple case, let the pen- 
dulum vibrate seconds ; therefore t=i, and if e = 30, the 
Bwing-wheel will revolve in a minute ; and if b have 48 
teeth, 0=16, the pinions 6 leaves each, and K the number of 
revolutions made by a while d maices one revolution, then 
48x45 „„ 

therefore A will revolve in one hour ; and supposing the 
cord to be coiled about 16 times round the barrel a, the 
weight w in its descent will uncoil it and turn the barrel 
round, communicating motion to the entire train until the 
cord ifl completely uncoiled. . 

"This train of wheel-work is solely destined to the 
purpose of communicating the action of the weight to the 
pendulum in such a manner as to supply the loss of motion 
from friction and the resistance ot the air. But besides 
this, the clock is required to indicate the hours and minutes 
by the rotation of two separate hands, and accordingly two 
other trains of wheel-work are employed for this purpose," 
The train just described is generally contiuned in a fi^me 
consisting of two plates, shown edgewise aa k l,mn, which 
are kept parallel and at the proper distance by three or four 
pillWB, not shown in the diagram. Opposite holes are 
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drilled in these plates, wbicli receive the pivots of the axes 
already described. But the axis which carries x and b 
projects through the plate, and other wheels e and f, are 
fixed to it. Below this axis and parallel to it, a stout pin or 
stud is fixed to the plate, and a tube revolves upon this 
stud, to one end of which is fixed the minute-hand M, and 
to the other a wheel e engaged with e. In our present 
clock E revolves in an hour, consequently the wheels E and e 
must be equal. A second and shorter tube is fitted upon 
the tube of the minute-hand so as to revolve freely, and 
this carries at one end the hour-hand h, and at the other a 
wheel f, which is driven by the pinion r ; and because f 
must revolve in 12 hours, it must have 12 times as many 
teeth as r." Eor an elaborate work on clocks, &c., see 
Budimentary Treatise on Clock and Watch making, by 
E. B. Denison, M.A. 

THE FEEAMBTJLATOB. 

" This machine is used for measuring distances on roads, 
for settling disputes concerning the charges of the drivers 
of hack-carriages, and for other purposes. It consists 
principally of a wheel upon which it runs, and an index- 
which shows the number of turns of the wheel reduced into 
miles, furlongs, poles and yards. The carriage or stock is 
made of wood, and is about three feet long. At one end is 
a handle for the person who uses it, and the other is 
furnished with brasses in which the axle of the wheel turns; 
this end of the stock has the central part removed, thus 
leaving two arms between which the wheel works. Upon 
the stock and just in front of the handle is the dial-plate 
with its two hands by which the distances are registered. 
The wheel is 8 J feet or J pole in circumference. Imon one 
end of the axis of this wheel ^ is a small pinion which works 
into a similar pinion at the end of a rod which passes up the 
stock to the work beneath the dial-plate. Upon this rod 
is an endless screw, which turns once round for every 
revolution of the carriage-wheel of the perambulator. This 
screw works into a wheel of 80 teeth, which is consequently 
moved one tooth for every i pole, and carries an index or 
hand making one revolution for 40 poles or 1 furlong. 
On the axis of this wheel is a pinion of 8 teeth, which works 
into a wheel of 40 teeth, and on the axis of this second 
wheel is a pinion of 10 teeth, which moves a wheel of 160 
teeth. This last wheel carries another hand; which conse-> 
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qnently makes one revolution for BO of the former. These 
hands are concentric like the hour and minute-hands of a 
clock. The first of these circles is divided into 220, and 
the second into 40, the respective numbers of yards and 
poles in a furlong ;. the figures on these circles are read off 
Dj the first-mentioned index. The third circle is divided 
into 80, the number of furlongs in 10 miles, and to this 
drcle belongs the index attachedvto the wheel of 160 teeth. 
The distance moved over is shown hj reading off the figures 
of the indices, or hands, and dividing the number shown by 
the last-named hand by 8, which giv^s the distance required 
in miles, furlongs, . poles and yards. The instrument is 
ftimished with a stop, so that after the distance is measured, 
the perambulator may be conveyed without the hands being 
^ altered. When about to commence a measurement, the 
wheel shoidd be turned jound until the first-mentioned 
hand points to 220 on .the cirde. of yards, which may be 
called the zero of the instrument. "-r-See Perambulator^ 
JPeitn^ Cyclop<Bdia. 



CHAPTEE IV. 

PUMPS AND 0TH£R HXPBAULIC MACHINES. 

— -♦ — 

THE COMMON jSUOTIpN PUMP. 

180. This machine, so weU known in domestic establish- 
ments, is usually thus constructed. A c is a cylindrical 
barrel, a b a pipe having its lower end in water ; t? is a fixed 
valve opening upwards, and ^ is «n air-tight piston, moveable 
by a handle or Drake fixed to l^e rod, and having a valve v* 
opening also upwards. Now, let the piston p descend as 
low as it can, each valve being shut ; then, when p ascends, 
there will be a vacuum in the barrel between A and o, and 
the valve v will be opened by the upward pressure of the air 
in the pipe a b, and the air will follow the piston and fill the 
empty space a c. The air in the pipe will thus become 
ranfied, and hence the pressure of the air on the surface 
jof the water at w will be greater than the pressure of the 
air in A B, and therefore the water will be forced a short 
distance up the pipe a b, till the equilibrium is restored. 
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On again depressing the piston, the Talve « ia doBed, and 
the valve v' forced open (as in fig. 2), 
through which the air in jl o escapes. On 
raising the piston a second time more air 
rushes from j. b, and the water in the 
pipe rises still higher. Thus, b^ alternately 
raising and depressing the piston, bU the 
air will be drawn oat of a B, and the water 
will rise up to the valve o. The piston 
being now raised water instead of air wUI 
open the valve d, and rush into the barrel, 
and, on lowering the piston, the water 
closes this valve v, thus preventing it from 
flowing back ; at the same time the water 
forces open the valve »' and passes through 
it, so that the water is now both above and 
below the piston. This action being con- 
tinued, the water will rise still higher above 
the piatoD, till it be discharged at the 
spout s. 

Nait. — In this pump the height of the valve t> 
»bove the water must not grently exceed 30 feet ; 
because thepresiure of the atmosphere, iu its rarest 
state, will not luae the water in a vacuum above 
th«t altitude. 

THB FOUOmO PUMP. 

181. In this machine a.f is the suction 
tube, A B o c the body of the pump, and 

H E a tube ascending to any required height. The bod^ of 
the pump ia famished with an air-tight 
solid piston or plunger u n, attached to 
the rod n, whicn is moved by a handle or 
brake, as in the last Article. At o and h 
are fixed valves opening upwards. Now, 
suppose the plunger s at its greatest de- 
pression, the valves closed, and the air in 
its natural state ; then by the ascent of 
u H, the air in A o IT M occupying a greater 
space, its elasticity will be diminished, and 
consequently the greater elasticity of the 
air in A z will open the valve at o, while 
the valve at H is kept closed by the elastidty 

of the esfcernal air ; water will therefore rise in the suctioQ 
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tabe. On the deecent of u s from its gnateet eleTation, 
the increased elasticity of the air in the ooij of the pump 
will keep the valve at o dosed and open that at h, whence 
lUT will escape. By similar ascents and descents of the 
piston the air will be expelled and water rise into the 
body of t^e pnmn. The descending piston will then press 
ilie water throu^ the valve at H, which will close and 
prevent its retom into tiie body of the pmup. The ascents 
and descents of the piston, being thus contmued, will raise 
the water to any required height in the pipe e k. 

it aaoend Ugher thim aboab 32 feet 



T0BCIN6 PUUF WITH AIT AIS-CUAUBEB. 

182. In the forcing pump just described, the stream is 

intennittent, bIhcb there ia no force impelling it during the 
descent of the piston. One mode of remedv- 
ing thia is by making an interruption in the 
ascending tube, which ia surrounded by an 
air-vessel i, in which, when the water has 
risen above z,the air above it is compressed, 
and by its elasticity forces the water up the 
pipe z T, the orifice of which ia narrower 
th^n that of the air-chamber v Q, and there- 
fore the quantity of water introduced during 
the descent of the piston will supply its 
discharge for the whole time of the stroke, 
producing a continued stream. — -_^- 

NoU, — There U n great defect in the pump juat deooribed ; for after it 
has been Bome time in aclian, the air in the chamber F Q becomes 
absorbed into the w&t«r, bo Uiat it is found that at lengftb aMilj all the 
air haa passed off with the water discharged from the pump. The 
defect of thia pump is remedied by the following arrangement 

THE DOTTBLE-ACTIUG PDMP. 

183. This machine is simply a double-acting forcing pump. 
p is a solid piston, or plunger, attached to a rod which passes 
throngh an air-tight stuffing-box at b. On each side of the 



cylinder containing the piston are two pipes ab, cd. The 
water ia drawn m o J iiom the well, and forcet' ' ' 

the reservoir. The valves A, b, c, n aH rise i 



direction ; and supposing the body of the pump to be filled 
with water, then by the raising of the piston the valves i. 
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and B will be opened, while o and B will befept Bfeut by the 
preeaure of the water on them ; at the aame time the water 
la forced by the piston through the valve d, 
and fiom thence up the pipe c.d; while by the 
preasore of the external air the water rises up 
'the pipe a, and presBing open the vtdve a, fol- 
JowB uie ascending piston. But when the 
piston deecends, the valves a, d will be dosed, 
and 0, B opened ; the water in this case is 
forced tbiDugh the valve o up. the pipe cd; 
the water at the saipe titpg entering the cylinder 
by the Tiflve b, ftillows the descending piston ; 
and so on. 

T&£ TIRE £HaniE. 

184. This engine is a combination of two 
.forcing pumps E v, Q H, the pistons of which 
are Q, 4', which force the water through two 
valves, opening inwards, into a lai^ receiver or 
air-chamber ABO n. From the receiver proceeds a flexible 
tube M X, called a Ao*e,-of any required length, through 
J which the water is tbrovm 
and directed -to any point. 
The pumps are worked by 
the lever a t b, -the fulcrum 
of which is t, bo that while 
the one fnston ascends the 
other descends. The suction- 
pipe H supplies the water 
jequired to be raised, "When 
the piston q' is raised, the 
pump GH becomes Jlled, and the nescent of 4' will cause 
the valve H to close, and force the water into the air- 
chamber through -the valve i, while the water in the air- 
chamber wiU clpse the valve e. At the same time that q' 
ascends, Q descending will force the water through the valve 
K into the (ur-chamber. By these means the air above the 
surface of the water in the chamber, beccaoing greatly com- 
pressed, will, by its elast^ioity, force the water to ascend 
through the hose M x with a great velocity. 

tfole. — There are varioiin other arnragementa in the parts of this 
machins, the chief of which is link-irork, like the parallel motioil. 
Art 160, attached to the lever BS, and the pistons ft<l',Bq, to moke tbem 
Mcend and descead vertical;. Ihs aune thitig in tieo wcomplishod by 
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tiro segments of a ipur-nhael, fixed on tbe lever, ind acting on racla 
fixed on tbe pistons ; both of whioli additioiii are imprOTements. But 
the general principle of tbe macbiue is tbe sojoe aa that jtut described. 



THE BPIBAL PCMP. 

185. This macliiiie ia usually formed by a spiral pipe of 
sereral convolutions in one plane, as in the annexed fig. 
The curved pipe is connected at its inner end, by a water- 
tight joint, to & vertical pipe r p, while the other end s 
leceives, during each revolution, neorlj equal quantities of 
air and water. This machine revolves on 

sn a.xis (not shown in the fig.) passing 
through the end r of the piye. " The 
outer end of the pipe is furnished with 
a spoon a, containing as much water aa 
will half fill one of its coils. The water 
enters the pipe a little before the spoon 
has reached its highest position, the 
other half remaining iull of air. Tliia 
air communicates the pressure of the 
curved column of water to the preceding portion ; and in this 
manner the' effect of nearly all the water m the coiled wheel 
is united, and becomes capable of supporting the column of 
water, or rather water mixed with air, m the ascending pipe 
rr. The air nearest the joint at r is compressed into a spaco 
much smaller than that which it occupied at its entnuice. 
The loss of power, aupposing the maciune well constructed, 
arises only from the friction of the water against the aides of 
the pipe with that of the wheel on its axis, and a small addi- 
tional quantity of water on the aide of the machine nearest 
the spoon 8 : and where a Iwge quantity of water is to be 
raised to a moderate height, these sources of resistance may 
be rendered inconsiderable." — Orec/on/^t Mathematict for 
Practieal Men. 

NoU. — The epirnl pump Is nauaUy called (he ZuriA rnachine, becstiae 
it waa invented, about ITifl, by Aiidrttn Wirti, of Zurich. It has been 
employed vith great Buccess in various oouutriea ; and tbe late 
J)r. J^omat Tmmg states, that he employed it advantiigeouBly for nusing 
water 10 feet high. 

186. The St^eio of Archimedet is usually classed among 
machines for raising water, being somewhat similar in its 
action to the spiral pump just described. It chiefly consists 
of a pipe wound apimlly round a cylinder, which is placed at 
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an inclination of from 80° to 46" to the tonBon, and is 
capable of being turned on pivots. The lower end of the 
spiral pipe being immeraed in the water to he raised, the 
water orst descends into the pipe by its gravity ; but the 
cyhnder being turned, the water movea on in the pipe and 
^ length issues at its upper end. SeTeral circumataDces 
tend to make this machine imperfect in its operation. The 
adjustments necessary to ensure a maximum of work are 
often difficult ; besides, it seldom happens that the work 
done exceeds a third of the power apphed ; so that, notwith- 
standing its apparent ingenuity and simplicity, it is seldom 



A 
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187. The essential parts of this machine are shown in the 
marginal fig. ; it may be adTant^eously employed where 
there is a large supply of water 
with only a small descent. The 
water running in the inclined 
pipe A. acquires suiEclent force 
to raise the heavy valve b, 
which immediatelv stops its far- 
ther passage. The momentum, 
which the vrater has acquired 
then forces a portion of it 
through the valve o, into the 
air-veesel s. The condensed air m the upper part of d 
causes the water to rise in the pipe B, as lon^aa the effect of 
the water in A b continues. 
When the water in A B 
becomes settled, the valve 
B will open again by its 
own weight, and the cur- 
rent along AB will be 
renewed, until it again 
acquires sufficient force to 
close the valve b, open C, 
and repeat the operation. 

THE BTTOTIOir BAU. 

188. In principle this 
machine is the same as the 
last. The water flows &om 
the reservoir a a along the 
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pipe A I w B ; y is a ball Talye, which doses the opening I, when 
lifted up hj the water ; s is a well from which the water is to 
be raised by the pipe x n w, having yalves at n and w, and an 
air-chamber o. The pressure of the water in the dstem a a 
sustains a current in the pipe a i w b ; and when the water 
has acquired a sufficient Telocity, the valve y is raised, and 
the opening i closed : after which the water in the pipe w b 
continues to be discharged at b, thus forming a vacuum in 
the pipe. The pressure of the external air then raises the 
water in the well b up the pipe e d w, thus opening the 
yalves n and w ; the water is then discharged at b. When 
the current in the pipe a i b is at rest, the valve y falls, and 
the current is renewed in the pipe i w b, the valve y again 
ascends, and so on as before. 

THE GHAIir PITMP. 

189. This machine is onlj used when water is required to 
be raised from 3 to 10 feet in height. It consists of a con- 
tinuous chain passing over two pulleys (like the upper one 
in Art. 54), one placed vertically above the other, (tne whole 
may be conceived by referring to the right-hand figure, 
Art. 50). The lower pulley is m the water to be raised, and 
the upper one at the required height, which is usually turned 
by a wiQch. The chaia is furnished with leathern suckers 
acting as pistons, at from 8 to 10 inches apart, and these 
draw the water up a vertical pipe enclosing one side of the 
chain, when the upper pulley is turned round. 

HTDBAFLIO BELT. 

190. This is an endless double band of woollen cloth, 
passing over two rollers, the lower part of the belt being 
immersed in water: it is driven with a velocity of not 
less than a thousand feet per minute, and the water con- 
tained between the two surfaces is carried up and discharged, 
as it passes over the upper roller, by the pressure of the 
band. 

THE CEirrEirTiaAL pump. 

191. This very ingenious and powerful machine was 
invented by Mr. Appold, and its capabilities tested at the 
great Exhibition of 1851. It consists of a hollow disk, or 
cylinder, a section through the axis of which is shown at d, 
&nd a side view at n with curved vanes : the disk is 12 
inches in diameter and 3 inches in width at the rim, with a 
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circular opening in the centre 6 inches in diameter, tliroiigh 
which the water passes. Thia disk is enclosed on both 
sides, excepting the central opening, and is qtiite open 
all round the nm. The diak is placed vertically on an 
axle fi d passing through ita centre; and on the end 
of this aale is &s.ei a pulley p for driving the disk with 
a strap from the gearing of a steam-engine, having a 
cylinder9inchesindiameterBnd2^ feet stroke. Xnorderto 
raise the water, the disk d ia 
fixed at the bottom of a reiv 
tical trunk a t, which ia 22" 
feet high, 7) feet broad, utd 
one foot wide ; at the bottom 
of this trunk is a tank to 
receive the water as it flows 
out of the valve T ; and 
there are other valves v, &c., 
at different heights in the 
trunk, according to the 
height the water may be re- 
quired to be raised. 

When in action at the 
Great Exhibition the water 
isBued at the valve v, which 
ia 10 feet above the disk, at 
the rate of about 2000 gal- 
lons per minute, and the 
disk was making from BOO 
to 1000 revolutions per 
minute ; the capacity of the 
disk ia about 345 cubic 
inches, or about 1^ gallon. 

192. While the one-foot 
disk is raising 8 tons of 
water 5 J feet high per minute, 
there ia no greater atrain on any part of the pump than 
160 lbs. on the six-inch drum within the disk ; this strain is 
equal to a leverage of 3 inches. (See the results of various 
experiments on tne following Table.) The pump will pasa 
almost anything that is small enough to go through, there 
being no valves ; a quantity of nut-galls (about half a 
gallon) were thrown mto the one-foot pump all at once, 
when it was at full speed, and they pasaea through without 
breaking one. 
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Table of Mean JResutU of various ExperimetUt toUh Mr. AppolcPs 

Centrifugal Pump. 
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38,500 


87 
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44,000 


94 
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663 
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73-3 
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93,500 
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607 
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99,000 
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NoUm — This machine has lately been found more efficacious than any- 
other hydraulic apparatus of like power, in the di'ainage of Soham Mere, 
in Cambridgeshire. 

bbamah's PBESS. 

193. This machine has pistons fitted into the large and small 
cylinders A and b, which are 
connected together, as shown 
in the figure, there being a 
yalve at o to admit the water 
firom B to A. A pump piston 
in the cylinder b forces the 
water through the valve c into 
the cr^linder a, and thus raises 
its piston. Now, let the dia- 
meter of the cylinder a = d 
inches, and that of the cylinder 
B = J inches ; then the area 

of the piston is a = J tt D«, and the area of the pump-piston 
in B ^iir d^*^ therefore the areas are 

as J' : B* 




or as 1 : -To- 
a* 
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If ow, if s E 20 inches and i = ^ aa inch ; then 

Therefore, if a force be applied to the pump-piston in b, it 
will produce an effect on that in a. as 1 to 1600. Now, 
suppose the pump piston be pressed down by a lever with a 
force of 6 cwt. ; then the large piston will ascend with a 
force of 1600 x 5 = 8000 owt. = 400 tons. 

Thia press has appeared in Tarious forma and under 
various names, since its invention bj the celebrated mecha- 
nician, Jl Bramah, who obtained a patent for it in 1796. It 
has been extensively used for pressing goods of varioua 
kinds. Another of its most 
I'lK-i- useful applications is to the 

testing of girder sand beam a 
of cast iron. ■ Ita latest and 

Serhapa moat remarkable 
uty is that of lifting the iron 
work of the tubular bridges 
en masse from the water 
level to their final altitude. 
Figures 1, 2, and 3, with 
their accompanying de- 
scriptions, will show their 
arrangements in their chief 
modem applications. 



194. Hydrostatic presses 
consist essentially of two 
distinct parts, viz ., the t)re<s, 
or machine in which the 
force acquired is applied, 
and the ptmpinff apparatus, 
by which the water is forced 
into the press ; these two 
parts of the entire machino 
being connected only by the 
pipe through which the 
water paasea from one to the other. Of the accompanying 
£gB., Noa. 1 and 2 show the main parts of the press, viz., the 
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Blinder, into which the water is admitted ; the ram, or solid 
unger or piston ; and the cross-head by which the pressure 
at the end of the ram is dis- 
tributed over a lengthened pig. a. 
Borfaca for use. The figures 
show the cylinder as aup- 
|>orted in aframe upon girders, 
m a manner similar to that 
adopted in raisii^ the tubes 
of the railway bridge recently 
erected at Conway. 

Fig. 3 shows the section of a 
portable forcing-pump as com- 
monly used for proving cast- 
ings with the hydraulic press, 
for which purpose the press 
is applied horizontally, and 
mounted on an iron carnage 
for portability. But, however 
varied in arrangement for 
particular purpoBes, the pump 
and the press consist of the 
same essential parts, as fol- 
lows : the pump comprises a 
cistern, or kind of pail, for 
containing the water, and into 
which a barrel descends nearly 
to the bottom. The barrel is 
fitted with a plunger, by 
working which the water is 
driven through a small tube 
or pipe into the press. The 
pomp ia furnished with a 
safeiy-valve, and also with a 

screw for letting off the water as required. The press coK- 
sists of a strong hollow cylinder of cast-iron, close at one 
end, and of a solid ram working through the other end, the 
water-pipe being inserted through the metal of the cylinder 
in a water-tight screwed aperture. Pig. 1 is an elevation of 
the press ; fig. 2, a vertical section of the press, taken at 
right angles to the elevation : and fig. S, a vertical section 
of a pump ; a is the cast-iron cylinder ; i, the ram ; e, the 
casing or &ame of the cylinder; dd are two cast-iron 
girders supporting the casing ; e is the cast-iron cross-head ; 
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ff, two guide-rods ; g, the water-pipe from the pump, with 

a lever-v^ve at i, by cloaiiig which the preBSure will be 

retained, should the pipe burst. Qb fig. 3, j shows tfae other 

end of the water-pipe, which is at i screwed into a etuffing- 

box OB the pump ; k is the lever of the safety-valve a', which 

is cylindricd, aud finished with a conical end, which fits a 

seating of similar form; / is a standard 

F18-8- bolted at m to the cover of the cistern, 

at «, for guiding 

ink pinned to the 

cistern for holding 

I passing through 

and fixed to it with 

I lower valve-seat, 

valve, the former 

ind of the barrel; 

1 the valve-seat *, 

upon it: this tube 

reaches nearly 

to the bottom of 

the cistern, and 

ia perforated at 

Wie end with 

ira-tures, through 

vater ia admitted 

; or partidea, which 

re tne working of 

« ia the plunger, 

a through a stuff- 

the top of the 

ia made with a slot 

:eive the link op, 

med to it and also 

p-handle ; w is the 

I, screwed into the 

)f the plunger ; y, 

liandle. Jointed to 

the s^dard at s. Ihuring the 

first part of the action of the pump, while no great pressure 

is yet produced, the handle ia pinned to the outer of these 

holes, as it makes a larger stroke with the piston, and thus 

saves time: the pin is afterwards removed to the inner 

hole, to have all the advantage of the leverage, e is the 

upper or discbarge valve, with a ctmical end: it is intro- 
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duced from tbe top, and covered with a short screw, which 
Hkewise regulates the lift of the valve. This valve is 
formed by being simply filed flat out of the round. 

HTSBAULIO PRESS POR LIPTHTG THE TUBULAR BRIDGES. 

195. The most stupendous work to which the hydraulic 
press has been applied is that of lifting the massive 
portions of the Britannia and Conway tubular bridges to 
their positions ; for which purpose the arrangements of the 
machinery shall be here described. Por the purpose of 
forcing the water into the cylinders of these presses, two 
steam engines, each of 40-horse power, are employed. The 
cylinders of these engines are arranged horizontally, 17 
inches in diameter, and 16 inches stroke. The piston-rods 
work through stuffing-boxes in both ends of the cylinder, 
and, being continued, form the pistons of the forcing-pumps. 
These pumps are 1^ inch in diameter, and 16 inches stroke. 
The pipe for conveying the water into the cylinder is -^-inch 
bore, and }-inch thick, so that its external diameter is 1 inch, 
made of wrought iron. The power applied to the pump is 
thus increased in the ratio of the areas of 1-^j^ to 20 inches, 
or as 1 to 355. If the fuU power of the engine, equal to that 
of 40 horses, were exerted, the available power thus produced 
in the press would equal the product of^ 355 and 4fO, or that 
of 14,200 horses. The actual work done by the one large 
press at one end of the tube, or the two smaUer ones at the 
other, is of course equal to raising half the tube, or 900 
tons. The power exerted by the head of the ram, 20 inches 
diameter, is thus equal to 2*25 tons, or 5040 lb. per circular 
inch. 

The ends of the tubes, which were to be raised, were 
strengthened with massive frames of cast-iron fitted to the 
interior, and bolted to the plates of the tubes, and also to 
each other at the joints. 

Figs. 1 and 2 represent the frames employed for this 
purpose. In fig. 1, a a are vertical side frames of cast 
iron, fitted to the inside of the plates, and bolted to them ; 
B B are horizontal frames similarly secured, firmly bolted, 
and closely fitted to the vertical frames ; c shows the manner 
in which other cross girders were connected with the vertical 
frames, for the purpose of connecting the chains. In the 
Conway tubes, two of these lifting frames were used at each 
end of the tube, one over the other. In the Britannia, 
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B 



Fig. 2. 



tubes, three are employed, similarly arranged, one over the 
other, the ends of them fitting under deep notches or 
shoulders formed in the vertical frames, and firmly bolted 
thereto. By way of providing additional safety, two very 

thick straps of wrought 
^ *^* ' iron pass over the upper 

Eair of cast-iron beams 
*om a central point 
above, and descend in the 
inclined positions of the 
sides of the letter a into 
the bottom cells, where 
they are secured with 
strong wrought-iron keys. 
The vertical partitions 
forming the bottom cells 
are, for a length of from 
8 to 12 feet at each end of 
each ofthe tubes,strength- 
A ened with thick cast- 
iron cheeks, or flitches, 
of the same width as the 
plates, 1 foot 9 inches; 
one of these cheeks being 
placed on each sideof each 
of the vertical plates, and 
firmly bolted through. 
Fig. 2 shows a transverse 
section of one of the 
strengthening frames,AA, 
(fig, 1,) which are 12 in. 
deep, 15 in. wide over the 
face, 3 inches thick in the 
outer flange, and 2 inches 
in the inner one. 
Pigs. 3 and 4 show the combined arrangements for 
lifting the tubes of the Conway Bridge, with the hydraulic 
press, chains, <&c., and the cast-iron lifting frames. Pig. 3 
18 a transverse section through the tube and front elevation 
of the press. Eig. 4iia a, longitudinal section of the end of 
the tube and section through the middle of the press. £e- 
ferring to these figures, we will describe first the parts which 
permanently belong to the construction of the tube and its 
connection with the tower, and afterwards the temporary 
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apparatus employed for the purpose of lifting tie tube. 
A A are the two side and top and bottom beams of cast-iron, 
forming one of the sets of eastings used to strengthen these 
parts of the tube, as already described, b b are the cast- 
iron flitches or cheeks bolted against the vertical plates 
forming the partitions of the lower cells, o c, the lower 
bed-plates of cast-iron, resting upon bearings of wood, d d. 
B E, cast-iron rollers, upon which r r, the bed-plates of the 
tube, rest, and are capable of longitudinal motion in either 
direction. The top of the tube is connected by strong 
wrought-iron bolts, G G, with a series of transverse cast-iron 
girders, H H. These girders are connected by sockets in 
their lower flanges, with two longitudinal girders, 1 1, which 
are capable of longitudinal motion, as they rest upon spheres 
of gun-metal, as before mentioned, working in a groove on 
the upper surface of the bearing plates, J J, which are fixed 
upon the projecting ends of transverse girders of cast-iron, 
K K. The temporary parts, introduced for the purpose of 
stiffening the ends of the tube during the raising, and also 
of connecting the lifting chains, are as follows : — l l are two 
pair of cast-iron girders, or lifting frames, fixed horizontally 
across each end of the tube, and bolted in recesses formed 
in the vertical casting frames A A. In the Britannia tubes 
three pairs of these girders were used, the upper and under 
ones for the purpose of attaching the lifting chains, and the 
intermediate one to assist in supporting the sides of the 
tube. 

The lifting chains m m are formed in links with notches at 
one end of each alternate link, as, shown at N N, fig. 4. 
These notches fit into corresponding ones on the lower 
flanges of the cross girders l l ; and when these are bolted 
in their places the links are, as shown in fig. 4, held firmly 
between them. 

The press by which these chains are drawn up, and the tube 
thus raised, is shown above the tube in the place in which it 
is first fixed, and which it occupies during the whole operation. 
In lifting the Conway tubes, each of the presses was supported 
upon a pair of double girders of cast-iron, marked o o in the 
figures, resting at the ends upon longitudinal girders, p p, 
built in the masonry. In lifting the Britannia tubes, how- 
ever, wrought-iron girders are judiciously substituted for 
those of cast-iron. Each of these wrought-iron girders is 
composed of 12 plates of best iron, 2 feet in width and a 
full inch in thickness, firmly fastened together, so that the 
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girder cousists of a 
well-(»imected mass of 
wrought-iron, haTJng & 
trwisTeree section 24 
inches in depth and 12 
inches in width. At 
the ends, these 'wrought- 
iron girdeFa are sup- 
ported npon cast-iron 
transTerse girdera, filed 
upon benches formed in 
the masonry of the 
towers. 

The preM consistB 
principafly of fonr parts, 
viz., the cylinder q, the 
ram or piston, b, the 
pipe, 8, by which the 
water is introduced 
from the pumps, and 
the crose-head, t. The 
cylinder rests within a 
cast-iron jacket or cas- 
ing, tru, supported upon 
the transverse girders, 
o o, already described. 
The forcing of the water- 
into the cylinder causes 
the ram to rise, forcing 
Dp with it the ctohh- 
head,T. Upon the crosa- 
headtwopairs of clamps,. 
TT, are fixed, which 
embrace the notched 
ends of the chain- 
links, and are screwed 
up tightly against them 
with screws, 1 1. These 
screws hare cogged 
wheels, T, fitted to flieir 
ends, and an interme- 
diate pinion turned by 
a winch, z, gives motion 
to the wheels of the 
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two screws. A similar arrangement of clamps and gearinff is 
fixed below at ww. The action of the press is preserved in 
a true vertical direction by fixed guide-rods, ii, secured 
above to a cross-girder, q, and upon these rods the cross- 
head slides upward, as the action of the press continues. 

The chains here represented are evidently highly important 
members of the apparatus, as any failure in them would, of 
course, involve the falling of the tube. Each set of links 
consists of eight and nine alternately, the eight being made 
somewhat thicker than the nine, so as to contain an equal 
total strength. Each link is 7 inches wide, about 1 inch 
thick, and exactly 6 feet in length between the centres of the 
eyes at the ends. They are manufactured by a process, for 
which a patent was granted, October 6, 1845, to Mr. Thomas 
Howard, of the King and Queen Iron Works, Eotherhithe, 
and entitled "improvements in rolling iron bars for suspension 
bridges and other purposes.'* By these improvements 
wrought-iron bars are rolled with the ends or heads of in- 
creased breadth in one entire piece, and chains thus manu- 
factured are worthy of much greater confidence than those 
of which the links are made in separate bars and heads, and 
united by the uncertain process of welding. Besides the 
application of these chains to the lifting of the Conway and 
Britannia bridges, they are employed in the permanent con- 
struction of the large suspension bridge erected by Mr. 
W, T. Clarke over the Danube, at Pesth, and of the Eussian 
bridge at Kieff, now in course of erection by Mr. Vignoles. 

WATEE AS A MOVDTa POWEE. 

196. The impulse of a current of water, and sometimes 
its weight and impulse jointly, are applied to give motion 
to machinery, as mills for grinding corn, and for innumerable 
other purposes. Commonly the impulse is applied obliquely 
to float-hoa/rds in a manner that may be at once compre- 
hended by reference to the following figure, which represents 

THE iniDEESHOT WHEEL. 

197. This wheel requires a stream of about 1 yard wide, 
and from 1^ to 2 feet deep, with a strong current to give 
it sufiicient power to move the machinery of an ordinary 
corn-mill, the machinery of the mill being fixed to the axle 
of the wheel. The float-boards of the wheel, on which the 
water acts, are disposed around its circumference at an 
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sngle of about 30° with the radii. PoneeUt recommenda the 
fioat-boarda of the imderahot 
wheel to be cmred towards 
the direction of the current that 
the water may roll up their sur- 
faces, and expend all its power 
upon them ; tbia arrangement of 
the float-hoards has been found 
by experiment to give the wheel 
nearly one-third more power 
than the ordinary form. 



THE OTEBSHOT WHEEL. 

198. Thia wheel requires much leaa water to turn it than 
the undershot wheel. The water ie conducted by a box or 
trough to the top of the 
wheel, as shown in the 
annexed figure, and falls 
into the buckets, which 
are fixed all round the 
run of the wheel; the 
weight of the water in 
these buckets makes the 
right hand side of the 
wheel to he heavier than 
the left hand aide; where 
the buckets, beingtumed 
upside down, are all 
empty, the wheel there- 
fore revolves in the direc- 
tion of the descending water. It wiU be seen the leverage 
of those buckets at the extreme right of the wheel is the 
greatest, and those towards the top of the wheel, receiving 
the impulse of the water, have also considerable leverage, 
while those towards the bottom of the wheel, becoming 
gradually empty, have the least leverage. 




THS BBEAST WH££Ii. 

199. Where the fell of the water is too small for an 
overshot wheel, it is most advisahle to employ a breaSt- 
wheel, which partakes somewhat of its properties ; but its 
float>boards are formed like those of the undershot wheel, 
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and BomewHat assimilated to buckets. The water meets 
the wheel at about half, and sometimes at about a third of 
its height, the water being considerably coi^ifined in , the 
buckets by means of an arched channel fitting moderately- 
close, but not so as to produce unnecessary Motion. The 
form of this wheel may be easily conceived from this 
description, in conjunction with the drawing of the under- 
shot wheel. 

200. It has been found by experiment that a water-wheel 
performs the greatest quantity of work when the velocity of 
the water is 2^ times that of the wheel, whence by Baker's 
Statics and Dynamics, Art. 259, the power of water (the 
velocity of which is given) striking the paddles or float- 
boards of wheel might be calculated; but the following 
method has been found in practice to be less complicated : 
for when a body descends from a given height, it is capable 
of raising a boay of equal weight through the same height. 
Therefore, if water fall upon a wheel, the quantity of work 
which it is capable of performing, abating friction, is equal 
to the product of the weight of the water, and the height 
through which it descends ; whether it falls upon the 
paddles of an undershot or a breast wheel, or into the buckets 
of an overshot wheel. 

201. Pbop. — Qiven the hreadth a, and depth h,qfa streamy 
its mean velocity v, in feet per minute, the height h, of the 
fall, and s = specific gravity of water; it is required to deter- 
mine the horse power of the water-wheel, when the modulus of 
,the machine is nth part of the work of the water, and'U^:^ 
units of work in a horsepower. 

Water descending per minute .... = ahv cubic feet. 

"Weight of water in the same time =•- ahv slh. 

Hence work of water per minute. . = ahhvs. 

And the work of the wheel = nahhvB; 

_-. nahhvB 
,\ Horse-powers = . 

Ex. 1. — The breadth of a stream is 5 feet, depth =3 feet, 
mean velocity 20 feet per minute, and height of the faU 
25 feet ; required the H-P of the water-wheel which performs 
■j of the work of the water, that is, ^ of the wort of the 
wheel is lost by friction ? 

„ nahhvs 4x5x3x20x25x625 ,, , 
H..power = —^ = ^^^^^^ = 11,V 
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Ex. 2. — ^The section of a stream is 4 feet by 3, tlie mean 
Telocity of the water 20 feet per minute, and the fall 30 feet; 
what is the H-P of the water-wheel, its modulus being ^ ; 
and how many bushels of com wOl the wheel grind in a day 
of 14 hours, one H-F being able to grind a bushel of com 
per hour ? 



H.-power-- 



na5^y8 _ 4x 4x3x20x30x62-5 
V ^ 5 X 33000 



= lou. 



/. bushels ground per day = 104-f X 14 = 152-^^. 

Ex. 3. — The section of a stream, the mean velocity, and 
fall of the water are the same as in the last example ; how 
many cubic feet of water will the wheel raise to tne height 
of 120 feet, the modulus of the machine being ^ of the work 
of the water ? 

Put H=the height to which the water is pumped ; then, 
Work of the wheel per minute = nahhva units, 

„ of pumping 1 cubic foot of water =s h s „ 

1. r T.- p i. J nahhi>a 

, ' . number of cubic feet pumped per min. = = 

s s 

nahhv , . , . , 1x4x3x20x30 .^ 
; which in number gives =-x^: =40 



H 

cubic feet. 
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babkeb's hill. 



202. The construction of this machine is shown in the 
annexed fig., where c n is a vertical axis, 
moving on a pivot at n, and carrying 
the upper millstone m, and passing 
through an opening in the lower miU^ 
stone c. Upon this axis is fixed a vertical 
tube TT, communicating with a horizontal 
tube AB: near to the extremities of 
which are two apertures a, b, in opposite 
directions. When water from the mill- 
stream, HK, is brought into the tube tt, 
it fiows out of the apertures a, b, and 
by the reaction or counter^ressure of 
the issuing water the arm a b, and consequently the whole 
machine, is put in motion. 

Note, — " In order to understand more clearly how this motion is 
pxoduced* let us suppose both the apertures to be shut^ and the tube 
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T T filled with water to the top ; then the apertureB A, B, which are 
shut up, will be pressed outwards by a force equal to the weight of a 
column of water whose height is t t, and whose area is the area of the 
apertures. Every part of the tube a b sustains a similar pressure^ but 
as these pressures are balanced by equal and opposite pressures, the arm 
A B is at rest. (See Boko's Stoitics cmd Dynamics, Weale's Series, Art. 197). 
By opening the aperture at a, however, the pressure at that place is 
removed, and consequently the arm is carried round by a pressure equal 
to that of a colunm T T acting upon an area equal to that of the apertiire a. 
The same thing happens on the arm t b ; and these two pressures drive 
the arm a b round in the same direction. This apparatus may evidently 
be applied to drive any kind of machinery, by fixing a wheel or pulley 
upon the vertical axis c D." — Qregfynfs MecMmics, 

MAEINB SOEEW-PEOPELLEES. 

203. Screw-propellers for navij^ation, by means of steam 
power, have now become objects of importance to all nations : 
they are especially applicable for vessels of war, the 
maxjhinery for propulsion being without the reach of gun- 
shot. Screw-propellers, however variously they may be 
modified, aU derive their power of propelling by being placed 
on an axis which is parallel to the keel, and by having 
threads or blades extending from the axis, which form 
segments of a helix or spiral, so that by causing the axis to 
revolve, the threads or Blades worm their way through the 
water, much in the same way as a carpenter's screw inserts 




itself into a piece of wood ; with the difference, in the case 
of the screw-propeller, of its making the water recede. 
Screw-propeUing is not of recent invention ; M, Duquet in 
1727, and Mr, Faticton in 1768, both produced machinery 
of this kind ; other inventions followed until a recent date. 
When the ^' Archimedes '' was first tried down the Biver 
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Thames in 1836, tbe shape of the screw was as represented 
in the woodcut, yiz., a single thread of thin sheet iron, bent 
to fit sixteen wrought-iron arms fixed round the axis at 
equal distances so as to form a helix, or screw. This screw, 
from having only one thread of long pitch, viz., 45% caused 
a great commotion in the water and a great deal of vibration 
in the stem of the vessel ; so that on reaching Sheemess, 
the vessel was laid ashore, and portions of the iron plate 
taken off at equal intervals ; but tne efiect was not improved. 
The form of the screw was then changed to a double one ; 
and, finally, a series of experiments was made under the 
joint superintendence of Mr. Smitih and Mr. Lloyd, by order 
of the Admiralty, with three and four-bladed screws, which 
ended in the adoption of the ^o-bladed screw. These 
einperiments were tried in H.M. vessels "Dwarf'* and 
" iBattler,'* after a speed had been produced in the " Dwarf" 
of 12^ miles per hour with mi. Eennie's three-bladed 
conoidal screw of cast-iron ; being the greatest speed which 
had ever been obtained by the screw. The speed attained 
by the "Archimedes" was about nine knots per hour, 
which, taken as a first experiment, was a great performance. 
The "Archimedes" beat most of the fastest steamers then 
known^ and made a voyage all round G-reat Britain, being a 
distance of 2096 nautical miles, in 237 hours 25 minutes, 
or nearly nine knots per hour the whole distance. The 
"Archimedes" afterwards went from Plymouth to Oporto 
in 69 hours, and returned from thence against strong head- 
winds and high seas in 88 hours, and the reports of some of 
the most eminent officers predicted all that has since been 
realised by the screw. 

The use of three and four blades for screw-propellers was 
commenced by Baron Seguin, in 1792 ; by Fulton, in 1794 ; 
by Cartwright, in 1798 ; and Shorter, in 1802. But the 
first useful experiment was that of Samuel Brown, the in- 
ventor of the gas-vacuum engine, who applied a two and four 
bladed propeUer to a vessel of 60 feet in length, and actually 
obtained, by means of a gas engine, a speed on the Biver 
Thames of from six to seven miles per hour. The success 
of the " Archimedes " led to the construction of the 
"Princess Boyal " and the " Great Northern" passage vessel, 
and H.M. experimental vessels, "Bee" and "Battler," 
the latter of which has been most successfrd, and has served 
as a model to most of the larger vessels which have been 
fitted with the screws in H.M. service; the adoption of 
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which in merchant vessels has greatly facilitated extended 
commerce. The form generally adopted for screw-propellers 
is as yet imperfect. 

The dimensions of the " Archimedes " were — 



Length 125 feet. 

Breadth .... 21 feet 10 inches. 
Burthen . • . , . 232 tons. 
Mean draft . . . . 9^ feet. 
Area of midship section . . 143 feet. 
Area of screw . . , 26 feet. 
Power of engines ... 80 horse. 


• 

The dimensions of the screw were — 


Diameter, 5 ft. 9 in.l 
Length, 4 ft. 
Pitch, 8 ft. 
Angle of screw, 45°. 


And made by means of 
V two wheels and two 
pinions. 


The dimensions of the " IVfermaid *' or "Dwarf" were — 


Length , 
Breadth . 
Depth / . 
Draft 
Burthen 


, 130 feet. 
. . 16 feet 6 inches. 

9 feet. 
. . 6 feet 8 inches, 

. 164 tons. 



The propeller consisted of three blades, with variable 
curves, approximating from the angles of 27° to 30°, and 
advancing 7 feet 6 inches per revolution. The diameter 
was 5 feet 10 inches, and the number of revolutions 160 
per minute. 

MATJDSLAT's FBATHEBINa SOBEW. 

204. This screw is represented on the next page; the 
object sought to be obtained is, that the blades, whenever the 
vessel is put under canvas and the screw not required, should 
be placedin a direction parallel with the line of the keel, and 
BO form as it were a portion of the dead-wood, as they cause 
considerable obstruction, if they be allowed to remain fixed 
in their position, or even though they be disconnected from 
the engine and allowed to revolve. In auxiliary sailing 
vessels not fitted with a trunk or aperture for raising the 
screw out of the water, this is particularly valuable ; but it 
will also be found useful in men-of-war, by lessening the 
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let, Inpoiition foruteaaapropeUer, 




2nd, In potUion for sailing under canvas alone. 



r 
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width of the trank tlirough which it has to rise, if this be 
deBired; aud ako bj the tacility which it gives in einei^ea- 
ciea, for placing a vesBcl quickly under canvas, or under 
steajn, without requiring the aid of the crew, 

205. "The Diameter ofths Screw should in most eases be 
made as great as the draught of water will admit, and for 
running in smooth water its upper edge need not be more 
than a few inches below the surface. In the case of sea- 
going Tessels, it is preferable to keep it 1-^ or 2 feet below 
the mean surface of tho water." 

206. The Area of tie Screw. "By the area of the disk 
of the screw is understood the area of the circle described 
by its extreme diameter. When the area of the blades is 
spoken of, their actual oblique Eiurface should always be 
specially distinguished from the plane projection of the 
resisting surface. This latter measurement, as representing 
the actual amount of surface directly employed ia the 
propulsion of the vessel, is probably the most important 
of these areas." — Mwrra^ on the MartTie Engine, in Weale'a 
Sudimetdary Series, p. 127. 

207. Other patents were subsequently taken out, and 



many experiments made. In 1S38, Mr. Ericsson obtained a 
pateut for a propeller consisting of six blades, aaaaaa, set 
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at eqnal digtanceB rotmd a cylinder concentric with the axis 
b : tne blades and arms were eegmentB of a screw. 

208. The horizontal water-wheel, called the Turbine, is 
among the moat recently invented hydratilic machines, 
having been produced in a most efGcient form in 1827, by 
Jf. ^umeyrott ailer a series of experiments commencing in 
1823, and it is now much used in France, Germany, and 
America. The water enters the centre of the wheeX and, 
diverging &om thence in every direction, it then enters all 
the buckets simoltaneouBlr, and posses off at the external 
circumference of the wheel. The pressure with which the 
water acts upon the buckets of the revolving wheel is in 



proportion to the vertical column of water, or height of the 
fall, and it is conducted into these buckets by fixed curved 
girders secured upon the platform within the circle of the 
revolving part of the machme. The accompanying fig. repre- 
sents the wheel of the turbine with its bui^ets and conduct- 
ing curved girders. 
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The influx of the water is regulated by a hollow 
cyHndrical sluice, to which stops are fixed, which aqt 
together between guides, and are raised or lowered hy 
screws that communicate with a governor, so that the 
opening of the sluice may be enlarged or reduced in pro- 
portion to the required velocity of the wheel. Turbines 
maybe divided into high and low pressure machines. High- 
pressure turbines are adapted to hiUy countries, where high 
falls of water mav be commanded ; in these cases the height 
of the column of water will compensate for the smaUness of 
its volume, reservoirs being provided to keep up a constant 
supply. The low-pressure turbines produce great effect 
with a head of water of only nine inches, and are suitable 
for situations in which a Large bulk of water flows with 
little fall. The results of an investigation by MM, Arago, 
Frony, and others, who were appointed by the French 
Academie des Sciences to report upon turbines, are as 
follows: (1.) That these wheels are applicable. equally to 
great and to small falls of water. (2.) That they transmit 
a useful effect equal to from 70 to 78 per cent, of the 
absolute total moving force. (3.) That they will work at 
very different velocities, above or below that corresponding 
to the maximum effect, without the useful effect varying 
materially from that maximum. (4.) That they will work 
from one to two yards deep under water, without the 
proportion which the useful effect bears to the total force 
being sensibly diminished. (6.) In consequence of the last 
mentioned property, they utilise at all tunes the greatest 
possible proportion of power, as they may be placed below 
the lowest levels to which the water-surface sinks. 

In 1844 Mr, Boyden designed a turbine of 76 horse- 
power for the Appleton Company at Lowell, Massachusetts, 
containing many new features never before suggested : its 
success was remarkable for a flrst attempt on so dif&cult a 
subject. Soon after Mr, Boyden designed and superin- 
tended the construction of three others of 200 horse-power 
ea<;h for the sdme company; the experiments on which 
proved their useful effect to be above 80 per cent, of the 
power expended, or about 3 per cent, more than previous 
results. 

Figs. 1 and 2 represent a general plan and elevation of 
a turbine of 150 horse-power^ constructed for the Lowell 
Company, from designs by Mr, J, B, Francis, and com- 
municated by him to Mr, Weale ; the diameter of the 
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water-wheel is 8 ft. 4 in., and operates under a fall of water 
ofl3ft. 

Th« following referencet apply to hothfgwet : 

a. The masonrj of the whaol-pit, faced with large bloc^ of granite 

backed with rubble mafioiiry laid in hydraulic cement- 
i. The Bheet-iron pipe conducting the water to the turbine. 
c. The tbrottle.gate, to shut the water off from the turbine, either far 

examination or repairs ; the appoiatua for moving this gate is not 

repreasnted. 
[', The leak-boi for the purpose of collecting the leakage of the tbrottle- 

gata, and for carrying it off in a pipe irhen repairs are required 

on the wheel, ftc. 

Fig.i. 




1^ The caet-iroa framing eupporting the upright and horizontal ahafls 
of the wheeL 

t. The niBpenaion-boi, which is mods to fit the coireBpondliig part> of 
the upright ahaft by a lining of aoft metal, principally tin, wbidi 
ii melted and poured into the outer Bhell, the necka being in 

f, Thegtmbal. 

/, Lereta for moriog the ipeed-gate. 
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f, Back for the same pnrpoBe. 
, Pinion-ahaft foe the purpoBB of moving the iBTere and tact 
t, Wooden etaves of the diffi:iser. 

i. Circular iron beams, to which the atavea are fastened. 
I, The governor. 

m. The ratohetwhoel, fast on the worm-shaft, 
n, The crank canring the rocker. 

0, Connecting rod! 

1^ The roctar carrying the palU. 

T, The rod tor moving the shield by tha action of the governor. 

1, The shield : when the governor is running at the Hpaad intended, 

the ehield protecta the ratchet-wheel from the action of the palls : 
if tha speed ctianges a small amount, only a few of the teeth of 
the ratchet-wheel are acted on at each vibration of the rockar ; if 
there is a great variation of speed, a mach greater number of the 
teeth of l£e ratchet-wheel are acted □□ at each vibration ; the 
nmaber of teeth exposed to be acted on is proportional to the 
" in of the governor-balls from'their normal position, 
driving the pinion-shaft. 
•wheel &st«ned on to the fnnioQ'diBfL 
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V, Brackets fastened to the speed-gate. 

Wf The wheel, carrying the floats of Bussia sheet-iron, about ^th of an 

inch thick, grooved, tenoned, and riveted into the upper and 

lower rings of the wheeL 
X, The speed-gate. 
y, The disc, carrying the guides or leading curves of Bussia sheet-iron, 

about -j^th of an inch thick, tenoned and riveted into the disc. 
z, The disc-pipe, supported by the adjusting screws at the top of the 

curb. 

A, The main shaft of the turbine. 

B, The step for steadying the bottom of the shaft, lined with case- 

hardened wrought iron ; the pin in the bottom of the shaft is of 
cast steeL 

C, The timber floor of the wheel-pit, covered with 3-inch planks. 

D, Cast-iron beams, to distribute the weight on the columns over the 

timber floor. 

E, Columns supporting the diffuser beams h and the beams F. 

F, Beams supporting the curb or acting as braces from the sides of the 

wheel-pit. 

G, The lower curb, of cast-iron : the outer surface is turned cylindrical, 

for the purpose of receiving properly the packing of the speed- 
gate. 

H, The upper curb, also of cast-iron, about 1 J inch thick. 

I, Weights counterbalancing the weight of the speed-gate. 

MOTION OP WATEB IN PIPES, ETC. 

209. To find the JieigTit to which the water will rise eefter 
amj given strohe in the common pv/mp^ (fig. Art. 180.) 

Let tlie water, after a given number of strokes, rise to P, 
in the pipe A B, and after the next stroke let it rise to p ; 
(these points are not shown in the fig.) Put h = height of 
a column of water equiyalent to the pressure of the air, 
AS = a, AP = ft, <? = A — PB, and B p = a? ; also put 
Je = area of a section of the pipe A B, and mh ^ area of a 
section of the barrel AS. Now, let the piston be at A, then 
the elasticity of the air A P, together with the weight of the 
column of water B P, is equal to the pressure of the air, or 
is = column of water of the height h ; hence 

elasticity of air in AP = column of water above "P =: c^ 
let the water rise to jp after the next stroke, then 
elasticity of air in Ap = column of water above p=c — ^r. 

Now, the air which filled the space A P, before the rise of 
the piston, will expand, after its ascent, and occupy the 
space p S ; hence 

density of air in AP : density of air in^S : : space pS : space AP. 

: : (h — x) Jc + amh : hk^ 
::6 — X -i- amib. 
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But the densiiy of the air ia proportional to its elastic 
force; hence 

c — X'.cy.hih — ^ + «i» a ; therefore 

he ^ (e — x) (am + h — ar), whence 

a^ — (a«+ h'hc)X'^acm=^0; 

whence the value of or = rise of water due to one stroke, 
may be found. 

210. Ih find the velocity with which water is discharged 
from a reservoir of given height h, through a pipe of given 
length I, and diameter d. 

The experiments and investigations of M. Foncelet are 
considered strictly accurate : the limits of this work do not 
admit of their insertion here ; the following is his formula 
for the velocity per second, all the dimensions being in feet. 






54id' 

Ex. 1. — "Water is brought to supply Mentz from a reser- 
voir 65| feet in height, by pipes 9, 843 feet in length, and 
S-^% inches in diameter ; required the velocity of the water 
per second. 

Pirst S^^^in. = -2625 of a foot, and 65| = 66-6 feet, then 



*^ ^oa/ 65-6 X -2625 

= 48^/^ 



* = *^VjT5irf = *^V98#r^l25=2 feet per 

second nearly. 

Ex. 2. — ^In the last example, how much water will be dis- 
charged in 24 hours P 

The area of the section of the pipe = -7854 x (-2625)' = 
*0541 square feet, the quantity of water per second = 
2 X '0541 = *1082 cubic feet, and 24 hours = 86400 seconds ; 
.*• the quantity of water brought by the pipe in 24 hours 
will be 

86400 X '1082 = 9348J^ cubic feet. 

211. — To determine the m^an velocity with which water 
runs in rivers and open canals. 
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The formula for this purpose is also derived from expe- 
riments, of which no less than 91 were made by Eytelwein 
on rivers and canals : the dimensions used by him are reduced 
to feet, and are the following : — 

c = wet contour, 

8 = area of a section of the fluid, 

'- = hydrauUc mean depth, ■■; ■ 

g = force of gravity, 

a = angle of inclination of surfiEU^ of stream, 
andv = mean velocity ; then 



»= V 



(¥)^ 9 '- sin. a + (^^) J — ^\^ = the velocity in feet. 

V 

N<3^ — It has been proTed that the greatest velocity is at the surfiEtce 
in the middle of the stream ; from which it diminishes towards the 
bottom and sides, where the velocity is least. 



WORK PERFORMED BY THE Srif's EVAPORATION. 

212. The heat of the sun is -continually raising the tem- 
perature of the atmosphere, thus making it capable of 
absorbing water from the immense surface of the oceans and 
seas that surround the earth. The water, thus raised, forms 
clouds at various elevations above the earth's surface. The 
sudden cooling of the atmosphere, either by cold currents or 
by meteoric changes, precipitates these clouds in the form of 
rain; while the dews of night descend by the gradual 
cooling of the atmosphere, through the absence of the sun. 
The water, therefore, which thus falls, may be considered 
as the measiure of the sun's evaporating power. In the 
torrid zone the annual fall of rain and dew amounts, at a 
medium, to about 100 inches in depth, and at the northern 
border of the temperate zone, as at Archangel, the medium 
fall of water is about 20 inches in depth ; the mean of these 
depths is 60 inches, or 5 feet, which may be taken as the 
mean depth of water which descends upon the whole of the 
earth's surface. Now, if we take 900 feet as the mean 

H 
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height from which this water &lls in the form of rain and 
dew, there will result — 

The work of the water falling on one square mile of the 
jearth's surface per minute, through the agency of the sun's 
evaporation in horse powers, that is, 

^ p _ 27878-400 x 5 x 900 x 625 _ 
. ^•^•"- 365x24x60x33000 "" 

See. JBaker^s Statics and Dynamics, Weale^s Series, Arts. 
92 and 263. 

Hence, the work thus done on the whole surface of the 
globe, taking its diameter at 8,000 miles, will be 

H.P. = 8,000' X 31416 X 452 = 90,880,000,000. 

Now, taking the united powers of all the steam-engines 
in the British Isles to be 2^ millions of horse powers, and 
the imited powers of all the steam-engines in fdl the other 
states of the world to be 3^ millions of horse powers, thus 
giving for the steam engines of the whole worIdi6 millions 
of horse powers, which it is presumed is not far from the 
truth, at the present time (1851), we shall have the work 
due to the sun's evaporation somewhat more than 15,000 
times the work of all the steam-engines in the world, sup- 
posing them to work continuously day and night. Tms 
comparison shows how insignificant the most stupendous 
works of man are to those of his Cbeatob. Though only a 
very trifling part of thisj^ast power is available for the 
purposes of moving machinery, yet it serves a still more 
important purpose in watering and invigorating the vegeta- 
tion on the surface of the earth,., and in producing the 
countless small streams up to large rivers, which diversify 
and spread health throughout creation, as well as supply 
immense facilities for inland navigation. Such is the stupen-> 
dous and magnificent scale by which we must measure the 
mechanism of creation, and such the boundless power and 
beneficence of the Q-eeat Cbeatob. 

One of the immense results of the power of evaporation 
may here be given in the Work of the Or eat Fall or Cataract 
of the Jtiver ifiagara, 

213. This river, which discharges all the water issuing 
from the great central chain of lakes in North America, falls 
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with astoniflhing grandeur over a perpendicular rock 133 
feet in height, in one tmbroken sheet ; the rapids above this 
fall extend several miles, making an addition of 200 feet to 
t]ie height of the fall ; the whole height of the fall is there- 
fore 333 feet. It is calculated that 33 millions of tons of 
water are discharged, at an average, per hour by this fall ; 
hence the work of the water per minute maybe readily 
determined in horse powers, that is r , 

33000000x2240x333 ^ 
■^- ^- " 60 X 33000 "■ ■^^>*^^'^^- 

This river is therefore (see last Art.) capable of perform- 
ing more work than twice the work of all the steam-engines 
in the whole world. 
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214. Assuming the average height of the rise of the 
tides in the Atlantic and Faci^&c oceans to be 20 feet, which is 
probably less than the true average, and the united length 
of the coasts of these two oceans (which may be said to 
extend from pole to pole) including their windings, to be 
100,000 miles, we shall thus have a bodv of water 100,000 
miles in length raised to the height of 20 feet, and of a 
breadth varying according to the widths of the respective 
oceans. This vast power is immensely greater thaii that 
which results from the sun's evaporation ; (Art. 212) and 
is due to the joint attraction^ of the sun and moon. 
A very small portion of this immense power is used for 
mechanical purposes, on account of its being inconveniently 
situated for that purpose ; besides, the shores of these 
oceans are exposed to tempests, which would in most cases 
greatly damage or entirely destroy any machinery, which 
might under other circumstances be conveniently moved by 
the tide. There are, however, a few ponds, which are filled 
by the tide in convenient situations, for moving the ma- 
chinery of com mills, &c. Yet the rise of the tide is of 
immense importance in aiding the purposes of navigation, 
by its repeated flow into numerous rivers, harbours, bays, 
creeks, &c., which would otherwise in many cases be almost 
useless for this purpose. Besides, the continued agitation 
of the ocean by tue tide diffuses the saline matter, derived 
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from some of the strata which forms part of its baffln, 
equallj throughout every part of its liquid mass ; thus main- 
taming its waters in a perpetual tstaie of salubrity, which 
would otherwise become stagnant, and in all probability so 
putrid as to be destructive to animal life. We may hence 
perceive another grand purpose of the G-bbat Cbbatob 
carried out by the agency of the tide for the continued 
renovation of nature, and of far greater importance than its 
use as a moving power for machmery, which the ingenuity 
of man by the agency of steam can produce in localities more 
convenient for ms several requirements; 
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SELF-ACTING LATHES FOR SLIDING, SCREWING, AND SURFACING; 
ALSO SELF-ACTING PLANING, SHAPING, SLOTTING, PUNCHING, 
AND SHEARING MACHINES. 

215. This chapter will be chiefly occupiedbytheabove-named 
highly-esteemed and ingenious machmes of Messrs, Joseph 
Whittoorth Sf Go, of Manchester ; most of which formed a 
conspicuous part in the Machinery Department of the Qreat 
Exhibition oi 1851. The original drawings and descriptions 
were communicated by Messrs, W, Sf Go, to Mr, Weale. 

Foot Lathe for sliding, screwing, and surfacing. (Fig. 1.) 

A, Fast headstock with gearing. 

B, Moveable do. do. 

C, Centres. 

D, Bed and standards. 

E, Top slide-rest. 

F, Bottom do. 

G, Gkdde-flcrew. 
H, Change-wheels. 

J, Driying-pulley and crank. 
K, Treadle-motion, with anti-friction chains. 
a. The band for transmitting motion. 
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' 216. Self-acting Lathe, for sliding, screwing and surfacing, 
worked by power. (Fig. 2.) 



A, Fast headstock. 

B, Moveable do. 

C, Centres. 

D, Bed and standards. 
Ey Top slide-rest 



F, Bottom rest, provided with 

a quick hand traverse. 

G, GKiide-Bcrew. 

H, Change-wheels. « 
a, The catting tooL- 



217. Patent Self-acting Ihtplex Lathe, for sliding, screwing 
and surfacing. The peculiarity in this lathe consists in the 
employment of a cutting tool at the back of the lathe in 




Fig. 3. — End Elevation. 

addition and opposite to the tool in front, but in inverted 
positions to each other. The transyerse forces are thus 
balanced, the work pro(yced is more correct, and is accom- 
plished in less time than by the ordinary lathe. (Fig. 3.) 

a ^, Tool in front. 
a^, Inverted tool at back. 
D Bed and standard. 
E*, and E', two compound slide-rests. 

F, A right and left screw for moving the -two slide-rests, simulta- 
neously, to and from the centre of the lathe. 

The other parts of the lathe are the same as in the self- 
acting lathe, see fig. 2. 



MR, JOSEPH WHITWOKTH's TOOLa. 



MB. JOSEPH WHITWORTH^S TOOLS. 153 

218. Self-actifw Planing Machine, for horizontal, vertical, 
and angular planing. (Side elevation. Fig. 4.) 

A; Bed and standarda 

B, Guide-screw. 

C, The table, having a nut (not Hhown) taking into the guide screw, 

by which it is moyed along the bed. 

D, The driving apparatus, which by being at the end of the bed is 

out of the workman's way. 
Ey Uprights. 

F, Cross-slide. 

G, Reversing tool to plane both ways. 

H, Two stops which can be fixed at any distance apart, according to 
the desired traverse of the table. 

J, Lever upon which the stops H act. 

K, Rod and strap lever, by which the driving strap is shifted from 
one pulley to another, .and the direction in which the table c moves, 
is changed. 

L, Band-pulleys, which transmit the motion of the lever J to the 
reversing tool, at the same time as the strap is shiffced, and 
the tool is thus made to turn at each end of the work. The 
band-pulleys also impart self-acting motions to the tool in 
the transverse, verticid, and angular directions as required. 

I^ote. — The same general arrangement of machine, with 
a fixed tool, to plane only one way, and the driving apparatus 
p, constructed to give to the table a quick return motion, is 
sometimes made. The tables of machines, which do not 
plane above 2 feet long, are moved by a crank. 

219. Fatent Universal Shaping Machine^ particularly 
adapted for shaping levers, cranks, and connecting rods, 
also for work in general. (Fig. 5.) 

A, Bed grooved on the front side. 

B, Two tables for holding the ^ork, adjustable vertically or 

horizontally. 

C, Headstock, made, when necessary, to slide along the bed, a. 

D, Tool-slide, moves in a direction at right angles to the bed a. 

E, Tool-holder, fitted with a segment wheel and worm for planing 

hollow or internal curves. 

F, Spur-wheel and crank, which, as they revolve, give a reciprocating 

motion to the tool-slide, the extent of which is variable, being 
determined by the distance of the crank-pin from the centre 
of the crank. 

G, Central arbor, upon which is shaped circular work. 

Hy Driving pulley on grooved shaft with pinion (not shown) taking 

into the wheel f. 
J, A screw of the length of the bed, taking into a nut on the under 
side of the headstock c, by which the latter is made to move 
along the bed. 

H 8 
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K', Ratchet wheel on the end of the screw. 

L, A shaft pBBtring through the bed, haiing e.1 the end, not eipcBed, 

a worm which takes into a worm-wheel on tbe central uAxa a. 
K", Katchet-wheel on the end of the shaft L. 
H, A cam-wheel, which, at the return of the tool, actuates the 

ratchets k' and S.K 
a, The cutting tool 

220. Zarge Patmt Slotting Machine. (Fig. 6.) 

A, Hainfraoie. 

B, Table for holding the work. 

C, Tool-slide, which in cutting mores slowly and ouifonaly down- 

wards, u>d quickly in returning therefrom. 

D, Qiiid»«crew, takea into a nut oa the back of the tool-slide a 
a, Beril-wbeel, keyed on end of guide«irew B, 

h e, Bevil pinions gearing in wheel a. 
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defy Strap pulleys, d being connected with pinion &, the other with 
pinion c, whilst uie middle one;, e, runs loosely. 

g^ A train of gearing which transmits motion from the pulley /, to 
the bevil pinion c 

hj Strap lever apparatus. 

% i. Two stops, which can be fixed at any distance apart, according 
to the desired traverse of the tool-slide, o. 

Jc, Lever upon which the stops i i act 

1 1, Horizontal i^d vertical shafts for conveying motion from lever 2:, 
to the strap lever apparatus h, whereby the direction of 
motion of the tool-slide o is changed; the motion thus 
derived is also conveyed simultaneously to the table B, 
whereby self-acting circular and transverse motions may be 
imparted to it. 

The smaller Patent Slotting Machines are fitted with an 
adjustable crank, and quick return motion similar to the 
" Patent Universal Shaping Machine." 

Punching and Shearing Machine, (Pig. 7.) 

A, Main frame, made on the hollow principle. 
B» Vertical slide for punching, worked by eccentric and connecting 
rod not shown. 

C, Ditto, for shearing, worked in the same manner. 

D, Large wheel, keyed upon the eccentric shaft which passes through 

the frame (but is not shown). 

E, Fly-wheel. 

a. Strap ptdleys — fast and loose. 
h, Bevil pinion gearing into wheel D. 
c. Cross shears for cutting off bars of any length. 
(2, Is an incline bar worked by hand, for the purpose of lifting the 
punch without stopping the machine. 

In the smallest machines the punching and shearing are 
both arranged upon the same side. The driving gear of 
larger machines is differently arranged to the above, but in 
other respects the same general arrangement prevails. 

221. Large Self-acting Surfacvng and Screw-Propeller 
Lathe, made for her Majesty's Dockyard, Woolwich, by 
Messrs, Fra/ncis Letds Sf Sons, Manchester. (Figs. 8 and 9.) 

A, A strong cast-iron bed, planed 7 feet wide, and 20 feet long. 

B^ Fast headstock. 

B^, Moveable do. 
C C, Two carriages moveable longitudinal on bed having studs and 

pinions cc c to work in the rack D. 
E E, Two compound slide-rests. 
F F, Two laige feice-plates with external wheels at the back. 
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Q Q, Efpindlei, G* ii hollow, and a moreable cylinder fitted therein. 
Mid ia auide to slide in and ont by a acren' attached to Qte 
band wheel h. 
S, Cone«tr^t pulky. 
I, Pinion dnving tlie wheel J, which is Czed on the longitudinal 

shaft. 
K, So also are the pinions L L, which drive the &ce-plate F ; theee 
{anions are thrown in md ont of gear, by levers projertiiig 
thronghthe slots nm in the head stocks. 
000 0, Drinng studs. 



Fig. 8.— End EleraU 



The lathe vill admit propellers up to 18 feet diameter, 
and ■will cut pitches varying from 8 feet to 20 feet. It ia 
shown as set for cutting a propeller ; the driving pulley being 
placed on the longitudinal ahaft n, the motion is transmitted 
at one end to the face-plate, and simultaneously at the other 
to the slide rest. The change driving shafts o, afford a great 
variety of speeds, for ordinu-y boring and aorfacing. It ia 
unnecessary to state that a pit is formed between the fast 
headatock a, and the bed-plate Q. 
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222. Large Latlie for Tumi/ng Bailway wheels, and other 
heavy worky by Messrs. Joseph Whitworth Sf Co, (Fig. 10.) 

A, Heayy base-plate, extending throughout the length and breadth 
of lathe, planed and grooved on the upper side. 
B^ B*, Standards for carrying headstocks, B^ being permanent, and b? 
moveable on the base plate, by means of the rack and pinion. 
C^ Fast headstock. 

C^, Moveable headstock, the centre in which can be moved out any 
distance, as in an ordinary poppet-head. 
D D, Standards for carrying slide-rests. 
E £, Compound slide-rests. 

F F, Two laige face-plates, with external wheels at the back. 
a. Longitudinal shaft. 
h, Two pinions (one only shown,) keyed on shaft a, and gearing into 

the external wheels f f. 
Ct Clutches for disconnecting the pinions from the external wheels. 

d. Spur gearing placed at the end of the lathe. 

e. The shrap pulley. 

//, Apparatus for giving self-acting motion to the two compound 

slide-rests. 
g g, Represent the wheels to be turned on their axle. 
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MACHINES FOR GARDINQ, SPINNING, ETC. 
CAEDTNG MACHINE (GLOBE WORKS, ROCHDALE.) 

223. This figure presents a single wool-carding engine, 
lap-machine, and self-acting feeder; the same, with con- 
denser attached, intended to produce a number of endless 
cardings and slubbings, and mspense with the use of the 
billy machine and the hand required to work it. 

Action of the Machine, — ^The wool is removed from the 
doffer of the first carding engine as usual, and is drawn by a 
pair of rollers fixed at the side of the frame through a 
revolving tube, which imparts an amount of false twist to the 
sliver. It is returned by a lower pair of rollers to the lap- 
machine in front of the engine, which is arranged to form a 
lap 16 inches in diameter and 4 inches wide. "When the 
required length of sliver is wound on, notice is given by a 



162 



CAHDING MACHIKE. 




SPIKKING HACHINE. 163 

bell; and if not attended to, another moyement doffs the 
lap, so as to ensure each one being the required length. 

These narrower laps are placed side by side upon rods, so 
as to form four rows, a, h, o, d, each row being the whole 
width of the engine, which is turned off into the engine hj 
the nnlapping rollers e, f, y, A. Each sliver passes through 
a guide or reed as it enters the feeding rollers to keep it iu 
its proper place. The ^uantily of sliver thus put up at the 
feeding end of the machme will last a whole day. The wool 
having passed through the engine, and being carded in the 
usual manner, is removed from the main cylinder by the 
condenser doffers i, k, which are provided with rings of cards, 
and alternate blank spaces, so that the wool which is left 
upon the cylinder by the top doffer is removed by the lower 
one. The stripper-rollers Z, m^ take the bands of wool from 
the doffers, after which they pass between the double endless 
twisting-straps n, o, in order to receive a degree of false 
twist, sufficient to enable them to carry forward to be spun. 
They then pass between the delivery-rollers jp, q, to the 
boboins r, *, on which they are lapped by the mction of 
contact with the drums t, u. 

When the bobbins are fitted they are removed direct to 
the mule to be spun, where they are unlapped in a similar 
manner by drums" \ 

The advantage of this system consists in a great economy 
of labour ; three operations being entirely dispensed with, 
viz., feeding, slubbmg, and piercing. With the addition of 
the self-fee&Lg condenser, yams are foimd to be more regular 
and level than those produced by the ordinary methods ; a 
greater quantity of work is turned off; the threads are 
more nappy or oozy, which increases the felting quality in 
milling, causes a firmer texture in the cloth, and a corre- 
sponding fulness of bottom and richness of appearance 
when finished, not attained by the methods formerly in use. 

Note. This machine was made and jointly invented by Mr, «7. Afcuon, 
of the CfUibe Works, RochddU, Its performance received high approba- 
tion at the Great Exhibition of 1851. 

spnnmro machine. 

224. This machine was improved by Mr. J. Mason of the 
Globe Works, Bochdale, including Mason and Collier's 
patent collars or bearings for spindles, separating plates for 
the stubbings, and the break motion for readily stopping the 
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machuie. Thia improremeut is accompllBhed hj makuig the 
collar in the UitiBg rail longer (ehown, detached, in Fig, 2), 
and coatiaoing it through the wheel B, and up the inside 



of the hobhin-barrel to the top of it, where the bearing of 
the barrel is shown at a. Pigs. 1 and 2. The collars are 
chambered inside, so that the spindle fits only their ends, 
and they are firmly screwed to the lifting ra^ the wheels 
and bobbins running loosely around them, as represented. 
The Beparating platea s prevent the broken threads becoming 
entangled with the other spindles. 

FLAX UACHINBB. 

225. These machines were invented and patented by 
Mr. Sobert Fhmber, of N'ewcoitle-vfon-Tyne, and their per- 
formance was highlywproTedatthe Great Exhibition of 1851. 
They consist of the following, lat, a Eotatory Disc Scutching 
Machine for flax, hemp, &c., with straw holders, and with 
straw to scutch ; 2nd, a F^-breaking Machine, for flax- 
straw previous to being scutched; 3rd, a Fl^-cutting 
Machine for preparing flax for the Cut-flax Heckling 
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Machine ; 4th, & Heckling Machine for dressing flax, hemp, 
&a., with flas-holders. 

Fig. 1 represents the metal disc for scutching flax, vith 
the brashes fitted to it. 



Fig. 2 represents a front elevation of the Sotatoiy Disc 
Scutdiing-mUl. a. is an aile having its bearings in an inde- 
pendent framing of metal, the upper portion being made 
open ; the metal pieces m m at the front end, being secured 
by bolts, can be readily removed for the purpose of changing 



the brushes of the discs. The framing is stiffened by cross- 
pieces n,n; by tbe pulleys bba rotatory motion is imparted 
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to the axles. The top i of the Bcutching-board h is placed 



a little above the centre of the ade A. The heckle, or comb, 
d of ateel wire. 

Fig. 4. 
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Fig. 3 is a &ont, and Fig. 4 ia a Bide elevation of an 
improved Flax-breaking Machine. The letters b, c, and d 
are placed upon the grooved metal rollera, to vhich the flax 
is presented, and afterwards goes out, aa seen in Fig. 4, by 
the direction of the arrows. 

Figs. 5 and 6 represent a aide and end elevation of the 
Double Cylinder Heckling Machine, adapted to dressing 
cut or short flax, in which elastic bmsheB are combined with 
rigid heckles. There are two revolving cylinders h' b', 
mounted in a &ame-work a, a ; in their circumferences are 
sets of rigid heckles e, intermixed with the seta of elastic 
brushes e, c (in any way that may be deemed most advisable.) 
The cylinders V, V, are also made to revolve in opposite 
directions, and the rows of brushes and heckles on one 

Fig. i. 



cylinder are placed in alternating order in regard to those 
on the other cylinder, as before described. There are also 
loose stripping bars with guards, that, besides regulating 
the depth to which the heckles or brashes shall penetrate, 
doff, or throw down the tow firom the brushes and heckles, 
and two small cylinders 6", ¥, which are fitted with brushes 
for cleansing the working brushes and heckles c, e. 

One of the cylinders b' may, if required, be made to oscil- 
late by means of the link h k, which, as it rises and falls with 
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the liA«r to vhicli it is attiiched, moves the cn^linder in a 
horizontal direction to and from the other cylinder; the 
bearings of the oacillating cylinder are made to slide, and 
attache by a rod to the radius arm by which the wheeUi*, 
V ffi', sad n' are kept in gear so as to answer the Taryiag 
position of the oscillating cylinder. Motion is given to the 
rotating parts of the maclune as in the one first describedi, 
but the holder is made to traverse or move forward in the 
trough, (which movement may also be applied to the brushing 



machine) by the combination of a bell-crank movement with 
the rising and falling motion of the trough, as will be here- 
after described. The mechanism for lifting the trough A ia 
shown in Fig. 6, and conaists of a combination of pmiona, 
wheels, camb, straps, pulleys and levers, such as are 
ordinarily used in heckling machines, and consequently well 
known. When the trough ia raised, it pushes up a rod 
«■, which is connected to the long arm of the bell-crank y, 
mounted on a standard fixed to the top of the framework a, 
when a weight w, which is attached to the opposite end of 
the arm, falls over, and causes the short arm of the bell- 
crank to pull in a rod z, which draws forward a finger-bar x' 
of the ordinary const^ction, to an extent sufficient to 
advance the holder the breadth of one Bet of t " 
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bnuhes. The tow and shive or dirt, thrown down from 
the heckles or brushes, are in this ease received upon an 
endless chain of bars t, t, instead of the inclined grating 
represented in the machine first described, bars of which 
extend the whole length of the machine under the heckles 
and brushes, and are connected together bj two side bands. 
The chain of bars revolves round two friction pulleys v, v^ and 
takes into two pinions tf , tf ; bj means of which rotation is 
given to the chain from the same first mover by which the 
other narts of the machine are put in motion. The shive or 
dirt falls through between the bars upon the floor, whUe the 
tow is carried forward on the top of the bajrs, and delivered 
into the trough t'. To separate tow dofied from each set of 
heckles or brushes, the space between the endless chain of 
bars and the cylinders is divided by partitions into as many 
compartments as there are sets of heckles or brushes, (see 
Eig. 1), and the receiving trough t' is also divided into a 
corresponding number of compartments. 
A cross-section of the holder of this machine is given in 





Pig. 7, and a longitudinal section in Eig. 8. It consists of 
two plates 1 and 2, connected transversely by a screw-bolt s, 
and having flanges a, a at their upper edges, by means of 
which they are supported in the trough ^, Fig. 5. The 
plate 2 has two flanges B, b, one at each end, which come 
within the two flanges a, a, of the plate 1, and thereby confine 
the streak at the edges. The inner face of the plate 2 is 
planed perfectly true, and covered with felt, cloth, or some 
other soft or yielding material ; but the plate 1 is formed 
on its inner face with flat beads, and flat grooves in alternate 
order, as shown in Fig. 7, so that the streak of flax or other 
material may be more firmly compressed between the plates 
without being unduly crimped. At their under edges the 

Slates are chamfered off to admit the holder to come lower 
own. By this mode of construction, the pins or studs, 
ordinarily made use of to confine the outer edges of the 
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Btreaka, are diapemed with, and a greater breadth ia 
obtained on whictt to apread the atreaks, and the holder ia 
alao narrowed and rendered more eaay to work. 

FAIBBAIBH'a 7A.TEIIT BirXTIBa HACBiyE. 

226. In this machine, for riTetiaL^ boilera and other 
trrought-iron ressela, the moving elide and die are worked 
by a revolving camb upon an elbow joint; which gives a 
vmable motion, and exerts the greatest force at the closing 
of the joint and the finishing of the rivet. The following 
figure repreaenta thia machine. 

B is the boUer to be riveted, auspended by a hook which 
can be raised or lowered ; &, a large stem of malleable iron. 



firmly fixed in an iron frame F, which makes the whole 
perfectly aafe in the case of the dies coming in con- 
tact with a cold rivet, or any other hard aubatance. is 
the alide moved by the camb ; in this slide are three dies 
corresponding with others in the stem a.. By using the 
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centre die eyery descnption of flat or circular work can b& 
riyeted, and by selecting those on the sides it will riyet the 
comers, and thns complete yessels of almost eyery descrip- 
tion. This machine is of a portable form, and can be moyed 
on rails to suit the article suspended from the hook. This 
machine Axes in the firmest manner, and completes 8 riyeta 
of flinch diameter in a minute, with the attendance of two 
men and two boys ; whereas the ayerage work that can be 
done by two riyeters, with one " holder on " and a boy, is 
40 J-inch liyets per hour ; the quantity done in the two 
cases, being in the proportion of 40 to 480, or as 1 to 12^ 
exclusiye of the saving of one man's labour. The cylinder of 
an ordinary locomotive-engine boiler, 8i feet long and 3 feet 
diameter, can be riveted and the plates fitted completely by 
the machine in four hours ; while, to execute the same work 
by hand, would require, with an extra man, twenty hours. 
The work produced by the machine is likewise of a superior 
kind to that made in the ordinary manner, the rivets being 
found stronger and the boilers more free &om leakage. The 
riveting is performed without noise, and thus is almost 
entirely removed the constant deafening clamour of the 
boiler-maker's hammer* 



CHAPTEE Vn. 



THE STEAM-ENGINE. 

. 227. The means by which steam produces mechanical 

action is almost invariably a* piston, moveable in a hollow 

cylinder. The piston is a solid plug^ or disc, fitting the 

interior of the cylinder so exactly, as to prevent the steam 

from passing from the one side of it to the other ; the piston 

having;, at the same time, sufficient freedom of motion to 

allow it to play up and down in the cylinder, without any 

considerable loss of force from friction. The ends of the 

cylinder are closed by strong discs; one of which is cast 

with the cylinder, aad forms part of it ; the other, usuaUy 

called the. cap, is attached to the cylinder by screws and 

nuts, and so exactly fitted as to prevent the escape of the 

steam at the joints. Small apertures are provided at each. 

I 2 
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end of the cylinderyfiiniislied with stoppers, called Talves, hj 
which the steam may be admitted, or lulowed to escape, at 
pleasure. Now, it will be readily perceired that if a strong 
current of steam be admitted at one end of the cjlinder, it 
will drive the piston to the other end ; and if a current of 
•team be admitted at the other end, that which had been 

Sreriouslj admitted being allowed to escape, the piston will 
e driven back again. This operation being continued, the 
piston will be alternately driven backward and forward 
within the cvlinder, for any required Iragth of time ; and 
the force with which this is produced wiU depend on the 
force of the steam. 

To give the action thus produced a mechanical effect, an 
appendi^, called ^ae pistoH'Todf is firmly fixed into the 
centre of the piston. This rod is turned exactly circular, 
and passes through a circular hole in the centra of the cap 
of the cylinder, — ^the hole being made to fit l^e rod so 
exaddy, as not to let the steam escape, and to move, at the 
same time, so fireely, as to require very little power to 
urge it. 

It will be easily understood that, to attain this object, 
yery great nrecisJon of form is ne^^saxy ia.the inlinai 
surface of the cylinder, and in the piston and its rod. The 
cylinder is made of cast-iron, but the internal surface of it, 
after being cast, is reduced to a perfectly cylindrical form, 
by a boring machine. (Art. 217.) The piston, which is flat 
at either side, and ciroular at its edge, to correspond with 
the cylinder, is made to fit the cynnder in steam-tight 
contact, and, at the same time, to move freelv, by a variety 
of contrivances, which are minutely described in the l^ird 
Edition of Tredgold on the Steam'Ikigme, The hole through 
which the piston-rod plays in the cap of the cylinder, is 
surrounded Dy a packing of hemp, soaked in oil and tdlow, 
which is pressed against the sides of the piston-rod ; and in 
this way, whilst the motion is fi^ee, no steam escapes. The 
piston-rod thus partakes of the alternate motion which the 
piston itself receives, and conveys this motion to any object 
outside, with which it may be connected. This alternate 
motion, backwards and forwards, in a straight line, may be 
converted into any other kind of motion, by an infinite 
variety of mechanical contrivances, for the most important 
of which see Articles 143, 150, 159, 160, and 161. Various 
other important appendages of the steam-engine have been 
already described in Articles 144, 145, 146, and 147, as 
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regnlaton of its motion ; and in this 
place it 'will be proper to describe the 
tbllowing additional ^pendagea of 
this important machine. 



UEBCrsiAL ETEAM-QAUQE TOB IiOff- 
fBXsarSB £OILX£S. 

228. This inBtnunent is ehoWB in 
the annexed fiKore- c is a tnbe, 
leading Jrom that part of the boiler 
within which steam is contained ; d 
a Btop-cock, to open or close the 
communication at pleasure ; Jibm a 
siphon tube of iron, which extends 
to a height su^ciently great for a 
colnnm of mercury, representing the 
pressure of steam in toe boiler. At 
K and m are two small apertures, 
stopped by screws, which can be 
Opened or closed at pleasure. The 
tube is filled through on opening at 
B,nntil the mercury shall flow through 
the holes at ti and m. The opening 
B H and tn are then closed, a smaQ 
quantity of water having previonsly 
been let in at b, on the surnice of the 
mercmyatu. Afioatiaplacedon the 
top of the mercury in the longer leg 
of the siphon, irom which a string is 
carried over the pulley p, to which 
a small index s is attached, which 
points to the divisions on a scale. 
Now, let the stop-cock be opened, 
and steam will flow £-om the Doiler, 
and press upon the fluid in o; and 
the column of mercury in the leg U 6 
will be pressed down to some point, 
as IT, and the column in the longer 
leg of the siphon will be rtused to a 
point X, as much above m aa x in 
the shorter leg is below u. As the 
mercury in the longer leg rises, it 
will raise the float, the counterpoise of 



174 JHB BTEAM-EMOIHB. 

which, S, wiU of ixrarse descend ; and the scale is bo adjueted. 
that it indicates the height of the column of mercuty &om x 
in the ahorter leg to « ia the longer leg, which colnnm 
batances the presBure of ateam in the boiler, or, more 
correctly BpeaMng, it balanceB the exccBS of the presBure of 
the ateam in the boiler, above that of the atmosphere; in 
fact, the atmosphere, preesing through the open mouth of 
the tube upon the mercury in the longer leg, combines with 
the column of mercury x x vol balancing the preeaure of 
steam in the boiler. If, then, two incheB of mercuiy be 
taken to express a pound per square inch, to which it is 
very nearly equal, Buch gauge will at once indicate the 
number of pounds per square inch by which the presaure of 
the ateam in the boder exceeds that of the atmosphere. 



229. In high-presBuie boUers, a mSrcuiial 
gauge of the form Bhown in the preceding fig. 
woiud be inconvenient, owing to the great 
height of the column of mercury which would 
be necessarr. In this case a gauge of another 
form is made use of, an example of which is 
shown in the annexed figure. Let a b be a cis- 
tern of mercury ; let ^ be a glass tube, open 
at the lower end and closed at the upper end, 
immersed in the mercury, and containing tar 
in its ordinary state. When the etop-cock d is 
open, the ateam from the boiler rushes throug;li 
thepABHage 0, and, pressing on the mercury in 
the cistern, will raise a column of mercuiy in 
the tube, hy which the air in the tube will be 
compressed. When the air Ib compresBed into 
half its original hulk, its pressure will be 
doubled; when it is compressed into one-third, 
its pressure will be increased in a three-fold pro- 
portion, and so on. The pressure of the steam, 
therefore, will be measured by the space into 
which it is able to compress the air in the tube. 
When great accuracy is required, a slight cor- 
rection will have to be made for the column of 
mercury sustained in the tube, \ a lb. per 
square inch being added to the pressure 
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indicated by the compreswon of the air for every inch 
of mercury eustained in the tube. There are other 
gauges appended to the Bteam-engine, as the baromet«iv 
gauge, the siphon barometer-gauge, and the glaea water- 
gauge, which are minutely described in the l%ird Editiim oj 
Tre^ld cm tke Steam-Miaine, — their . principle being very 
near^ the same as those already described. 

"watt'b ittdicatob. 

230. Fig. 1 represente a front view in section, and, 
£g. 2 a Bide elevation of this instrument. The rod at- 
tached to the piston plays 

through a collar at «. At i "«■'- ^'8-^ 

is a pencil-holder. At * is 
a screw, by which the instru- 
ment is inserted in a hole 
provided for it in the top of 
the cylinder. At i is a stop- 
cock, by which a communica- 
tion may be opened or shut 
at pleasure between the indi- 
cator and the cylinder. The 
piston-rod of the indicator is 
surrounded bya spiral spring, 
the lower extremity of which 
is attached to the piston and 
the upper extremity to a fixed 
piece a, containing the hole 
through which the piston-rod 
pl^ys. Whenthepistonrises, 
the spring is compressed ; 
and when it falls, the spring 
is extended. The spring ia 
in equilArio when the piston 
is at the middle of the cylin- 
der, and the space through which it rises and falls ie, 
from the hnown properties of this species of spring, 
proportional to the force which presses the piston opwards 
or downwards. When both extremities of the cylinder 
are open to the atmosphere, the spring is at rest, and 
the piston in the middle of the cylinder; but when steam 
is allowed to pass from the cylinder to the indicator, by 
opening the stop-cock d, such steam will press the piston 
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upwards, and compress tbe spring wilih a force equal to the 
excess of the pressure of the steam above that of the 
atmosphere. When, on the other hand, a vacuum is pro- 
duced in the cylinder bj the condensation of the steam, the 
same yacuum will be produced under the piston in the 
indicator, and the piston will be forced downwards bj the 
excess of the pressure of the atmosphere above that of the 
uncondensed vapour in the cylinder. 

^JfoBL index were placed near the extremity of the piston- 
rod t, the pencil, ascending and descending on this index, 
would indicate by the space through which it would ascend 
the excess of the pressure of the steam over that of the atmo- 
sphere, and by the space through which it would descend, the 
excess of the pressure of the atmosphere over that of the 
uncondensed vapour. Both spaces added together, or the 
entire play of the piston, would, therefore, indicate the 
excess of the pressure of the steam above the pressure of 
the uncondensed vapour which resists it, and would, there- 
fore, indicate the efiective force of the piston, exclusive of 
friction. 

'' But as the piston of the indicator would be in rapid and 
continued motion, it would not be easy to observe and 
record the limits of its play, and still more difficult to note 
the rapidity of its motion. An ingenious expedient was 
therefore contrived to enable the engine itself to record these 
effects, which converted the indicator into a self-registering 
instrument. A small square frame a b was constructed, the 
breadth of which was somewhat greater than the extreme 
play of the piston of the indicator. In it was placed a card, 
callable of sHding in a horizontal direction in grooves : a 
string e was fastened to the side of the card, and, passing 
under a pulley, was carried upwards towards 5, and attached 
to some part of the machinery which rises and falls with the 
piston 01 the engine. Another stringy^ was attached to the 
other side of the card, and carried over « pulley and fixed to 
a small weight w. When the piston rises, the string e is 
drawn to the left, the card drawn in the same direction, and 
the weight w rises. When the piston falls, the weight w, 
acting on the string/, draws the card to the right ; thus, as 
the piston rises and falls, the card is drawn alternately 
through a certain space left and right. Now, suppose the 
steam to be admitted above the piston, to press it down, this 
steam presses the indicator of the piston up, and the pencil 
tf passing on the card, would, if the card were at rest, mark 
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upon it a straight line, the length of which will indicate the 
pressure of the steam ; but as the card is ^wn from left 
to right while the piston falls, the pencil will describe upon 
it a curve (as in fig. 1), b^ the combined effects of the 
Tertical motion of the pencil and the horizontal motion of 
the card. When the piston has reached the bottom ol the 
cylinder, and the upper exhausting valve is opened, a vacuum 
is produced in the cylinder, which vacuum extends to the 
indicator, the piston of which, therefore, descends, the pencil 
t descending at the same time and at the same rate. While 
this takes place the card is moved from right to left, and a 
correspondmg curve is described by the pencil, the curvation 
of which will indicate the suddenness with which the vacuum 
is produced, as well as its degree of perfection. Erom what 
has been stated, it will appear that in a single ascent and 
descent of the piston, or in one stroke, as it is called, a curve 
wHl be formed on the card, which will exhibit not only the 
entire effect of the steam acting on one side against the 
uncondensed vapour on the other, but will show the entire 
character of its progressive action at every point of the 
stroke.'' 

There are various other arrangements in mechanism for 
regulating motion appended to the steam-engine, as the 
governor, safety-valves, &c., already described in articles 
144t, 145, 146, and 147, which, with those described in the 
following articles, render this important machine completely 
self-acting. 

BOItEBS JlSD THEIB APFEia)AOES. 

231. The cross section of a waggon boiler is shown in 
fig. 1, and the longitudinal section of the same boiler is 
shown in fig. 2. The same letters refer to the correspond- 
ing parts in the two figures ; " a is the grate supportii^ the 
burning fuel ; b and h' represent the flue which encompasses 
the boiler ; «, e are the gauge-cocks ; 8 is the steam-pipe 
which leads from the boiler to the cylinder; ^j^ is the 
safety-valve, the pressure upon which may be regulated by 
the sliding-weight y, the lever fip being fixed on a pivot 
at i>. The spindle of the valve is attached to it at » ; A is a 
fonc to keep the lever ^p in its position. The weight ff 
produces an effect at «, which is in the proportion of ^p to 
tp : thus, if y^ be three times ip, then lOlbs. suspended at 
ff will produce a pressure of 8x10 sdOlbs. at u The 

I 3 
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opening which appears immediately above the Talve is the 
end of a diacharge-pipe for conductiDg awaj the steam which 
escapee from the ^ety-volve. "When the preaBure of the 
steam in the boiler exceeds the pressure produced by the 
weight on the eafety-Talre, the latter will oe raised, steam 
will escape around it, 
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up into its seat by the end of the Wer x; t/ia the pivot 
wnich Bupporta the lever, and a weight BUBpended at ir 
([rawB it upwarda. "When a vacuum is produced in the boiler 
by the condensatioa of the steam, the preasure of the 
external atmosphere forces the valve » 
^'g'- open, and the air enters and fills the 
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pulley, is attached to a rod r, which supports the damper. 
This chain, as it rises and falls, raises and lowers the damper, 
and opens or closes, more or less, the flue across which the 
damper passes. — ^When the pressure of the steam within 
the boiler is undul;^ au^ented, the column of water it sup- 
ports in I rises ; with it rises the float o, and consequently 
the damper r faJls, contracts the flue, diminishes the draft, 
mitigates the heat of the furnace, and thus lessens the 
eyaporation in the boiler. When, on the other hand, the 
evaporation in the boiler does not proceed fast enough, the 
pressure of the steam in it is unduly diminished, and the 
column of water it supports in the tube I is lowered ; the 
float o falls, and the dimiper r rises ; the opening of the flue 
is enlarged, the draft increased, the Aimace acquires addi* 
tional heat, thus augmenting the evaporation. In this 
manner the varying demands of the engine on the boiler are 
supplied by the varying power of the furnace — ^the wants of 
the engine producing the requisite effect on the boiler." 

(THE SELP-ACTIKO BOILSB TEEDEB. 

283. " The float m, fig. 2, rests on the surface of the water 
within the boiler ; a wire attached to it passes, steam-tight, 
through a collar in the top of the boiler, and is fastened to 
the end t? of a lever, which is balanced by a weight w at the 
opposite end; a rod is attached at t^ to the lever, which 
descends to the bottom of the small hole in the hot water 
cistern k^ and is attached to a valve at the bottom of this 
cistern, which opens upwards. When u rises, this valve is 
opened; when it is pressed down, the valve is closed. 
The cistern k is supplied by a small pump, called the hot 
water pumpy which draws water from a reservoir receiving 
the discharge from the condenser of the engine, as thrown 
out by the air-pump. — ^This water is thus pumped by the 
engine itself into the cistern k, and a waste-pipe is provided 
for the discharge of so much of it as is not consumed by the 
boiler. — When the water in the boiler begins to be ex- 
hausted, the level falls, and with it the float m ; this draws 
down the end v of the lever, and raises u, by which the 
valve is opened, and the water from the cistern k allowed 
to descend by the tube I ; and this continues until the level 
of the water in the boiler is raised to the proper point ; the 
float m is raised with it, and the end v of the lever also 
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i^sed, ftnd the tsItb o closed." In this maimer tlie water 
in the boiler ia ftlways suBtained at a ^per height. 

" All these arrmgemente will be still more cleariy imder- 
■tood by means of the following figure, which represents 
the waggon boiler with all its appendages in perspectiTe. 
The grate and a part of the flues are made visible W the 
remoTal of a portion of the masonry in which the boiW is 
set. The interior of the boiler is also shown by cutting off 
one half of its roof." 



234. !rhe BUde-Vahet. — " In the following figures, page 
182, are represented the most usual forms of fdide-TalTes. 

¥ig. 1 represents in section the cylinder, piston, and slide: 
B ia die mouth of the steam-pipe coming nom the boUo: ; 
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e IB tbe pipe leading to the condenser ; f is the rod wHch is 
attachea to the edide, moving through a stuffing-boz m n. 
This sJide is repr^ented in longitudmal section, separately, 
in fig. 8, aad in transverse section in fig. 4. In the position 
of the slide represented in fig. 1, the Bteam passing from the 
boiler enters at s, and passes to the bottom of the cylinder 
through the opening b, and acts below the piston, causing it 



to ascend. The steam which was above the piston escapes 
through the opening at a, and descending through a' longi- 
tudinal opening in the slide behind the mouth of the steam 
pipe, finds its way to the pipe e, and through that to the 
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' When the piston has reached the top of the cylinder, the 
slide will have been moved to the position represented, in 
fig. 2. The steam now entering at s passes through the 
opening a into the cylinder above the piston, while the 
steam which was below it escapes through the opening h and 
the pipe e to the condenser.. 

The form of the vaLve from which it derives its name of 
P-valve is represented in fig. 4. The longitudinal opening 
through which the steam descends then appears in section of 
a semicircnlar form. The packing at the back of the slide 
is represented at k ; this is pressed against the surface of the 
valve-box. 

235. The general arrangement of the several parts of the 
steam-engine already described in Articles 143, 144, 146, 
146, 147, 150, 159, 160, 227, 228, 229, 230, 231, 232, 233, 
and 234, so as to constitute the double-acting stationary 
engine, as constructed by Messrs, Fairhairn and (h., of 
Mamhester, and generally used in manufactories, is fully 
described in Ita/rimeT* s 'Rudimentary Treatise on the Steam 
Engine^ TFeale^s Series* — The Cornish Ptmping-engine and 
the Sigh-pressure Engine, are described in W. Pole^s works 
on those subjects. — See also the Budimentary Treatise on the 
3farine JEngine, hy Id, Murray, C.U., Weale^s Series, and 
tT. SewelVs Hudimentary Treatise on the Locomotive JEngine 
in the same Series, The object of this work being chiefly to 
treat of the purely mechanical arrangements of the several 
appendages of this important machine, without entering 
into the details of the chemical properties of steam, which 
will be found amply discussed in the works above referred 
to; and, to conclude this chapter, two steam-engines of a 
novel, ingenious, and economical construction, shall be 
described, which received high approbation at the Gh'eat 
JExhibition of 1851. (See pages 184, 185, 186.) 

OSCILLATlIfa ENGINE. 

: 236", This engine is chiefly indebted to Mr. Pennfor its 
elegant simplicity and its present perfection of workman* 
■ship and arrangement. It need hardly be explained that 
this engine derives its name from its cylinders " oscillating" 
npon hollow axes or trimnions, through which the steam is 
admitted to, and withdrawn from, the cylinders ; the piston-* 
rod by this means accommodates itself to the motion .of the 
crank without the parallel motion being required. This 
construction has now been proved as applicable to ocean 
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steamers as to small boats on rirere ; it also appears to be 
well adapted for driviiig the screw-propeller; and oa 
account of the small space that its machinery occupies it is 
frequently made portable for agricultural and Tarious other 
uses. 

The annexed figure shows an engine of this kind, in which 
the number of working parts are greatly reduced when 
compared with the engines just described ; thus rendering it 




Tery simple and less liable to get out of repair. It is well 
adapted for working threshing machines, saw-mills, com- 
milb, &o. The power may be communicated by a leather 
band over a pulley fixed on the axle of the fly-wheel, or by 
means of a spur-wheel and pinion. Here p is the piaton, 
acting on the crank which is fixed to the axle of ttie fly- 
wheu^; e the osdllatiog cylinder, to which the steam ia 
admitted through the hollow axle a, and withdrawn through 
a eimilar hollow axle at the opposite side of the cylinder. 
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All modem marine enginea have double cylinders, acting 
Qpon cranka which are inclined to one another. This is 
necessary for the purpose of pasaing the axle of the paddle- 
wheels or screw-shafb over the dead points, as the fiy-wheel 
in engines of this kind ia inadmissible. 



237. The principal advantages of this engine are its great 
simplicity and economy of fael. The cylinder is invCTted, 
and oscillates on its trunnions ailer the manner of a pendu- 
lum; and the piston-rod is connected direct to the crsjik-pin 
withoat the intervention of cross-heads, connecting-rods, &c. 
Prom the great simplicity of this engine there is no risk of 
derangement ; its being composed of so few parts causes the 
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fn^on to be reduced to the smalleflt posmble amount. The 
accompanying cuts represent a front and side view of the 
engine. 



For extended infonnation on these important anbjecta see 
the Third Edition of TredgoU on the Steam-Engine. 
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CHAPTEE VIII. 



MAGBINEBY FOB HAKTJFAGTURINa ANQ BEFININO SUOAR. 

238. Sugar is tlie sweet or saccharine constituent of 
vegetables, in all of wbich it is found in greater or lesser 
qiumtities. It occurs most abundantly in the sugar-cane, and 
next to this in the beetroot and maple. The sugar obtained 
&om these three vegetables has the peculiar property of 
crystallisiDg in oblique prisms. Sugar also occurs, though 
less abundantly, in ripe grapes, dates, %s, pears, and other 
fruits, the crystals of which are called decrepit, or not truly 
formed ; and its sweetening power is only about three-fifths 
of that from the sugar-cane, &c. There are also the sugar 
of manna, milk, mushrooms, &c., which may be called animal 
substances. The sugar of commerce consists of oxygen, 
carbon, and hydrogen, in about the foUowing proportions in 
100 parts, as given by Gai/ LussaCy &c. 

Oxygen .... 60^ 
Carbon . . . . 42^- 
Hydrogen . • . 7 

100 

239. The sugar-cane (Artmdo saccharifera, or sugar-bearing 
reed) varies in height from 8 to 15 and even 20 feet, and is 
from 1 to 2 inches in diameter at the bottom of the stem, 
which is of a green hue, changing to yellow as it ripens, and 
divided by circular joints about 3 inches apart. The cane 
is brittle, with flat pointed leaves of 3 or 4 feet in length, 
which fall off as the plant advances to maturity. It is 
found in a wild state in the tropical parts of America and 
the West India islands ; also in the tropical parts of Asia 
and Africa, though less abundantly. When the canes are 
ripe, they are cut and carried to the miU-house, and crushed 
by a machine composed chiefly of rollers, between which the 
(fanes are passed. The crushed cane is then boiled, and the 
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juice is drawn from the boiler, tlien evaporated and clarified, 
and separated from the molaeaeB, being now of a brown 
colour, and in large broad crystals ; in this Btat« it ia im* 
ported from the West Indies in hf^heads. There are 
annually imported into tbe TJnited Kingdom opwards' of 
6,000,000 cwte. of unrefined sugar, about three-quarters of 
which come from British possessions. 

BOHBODXB'B FATEHT SyAfOKATmS DISO-PAjr. 

240. Schroder's patent pan, lately introduced with great 
success into tbe West Indies, for evaporating saccharine 
eolations and liquids at a temperature not exceeding 1S0° 



Falirenheit, and may be worked by hand or other motive 
power, is shown in perapective in the annexed engraying. 

This invention is patented in the United Kingdom and 
British Colonies, France, Holland, Belgium, Cuba, Ac. 

It has the property of evaporating syrups and other 
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liquids at a temperature under 180^ Fahrenheit, at which 
degree sugar cannot carbonise. 

Evaporation is as rapid as by the vacuum-pan, while 
the expense, inclnding the royalty, is about 100^. 

Svery part of the machine is open to view, and fiom its 
ertreme sLplidty caa be cleaned, or anj acddetital mjuijr 
repaired, by a common worjcman. 

If the machine is worked as a substitute for the taehe, 




CROSS SEOnOV 



the economy of fuel will be obvious, when contrasted with 
other modes of evaporation. 

The whole weight of the revolving discs being supported 
upon centre-bearings, the revolution of the evaporating 
surfaces is effected with slight exertion or ex^^ense of power, 
and the contact of the atmosphere, combined with the 
rapidity of condensation, produces a large, hard-grained 
sugar, not to be surpassed by any other mode yet employed. 

A reference to tne drawings will show the operation of 
the machine, which may be simply described. The man, or 
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Btoam power, tarns the battery of discs, j, which eiposes 
the liquid or eyrap that adheres to them to atmospheric 
er^wration ; the condensed water from the steam pipes rouB 
into the condensing chamber, firom which it can be returned 
into the boiler at a temperstnre a little below 180° Fah- 
renheit. When the syrup is cooked, the elevation of the 
lerer-handle, m, dischaFges the contents of the pan. The 
plan and cross sections, will show the diaposition of the 
steam-pipes ; but any other modification can be adopted 
that BuitB the purchaser. 

S^erenceg to the ctoms and Itm^ladinai metiont and plan 
of ScBMOviv! a patent pan. 

a, Steun-pipe from boiler. 
h, Stop-cock in iteam-pipe. 
c. Branch pipe dintributrng steam to d, d,'d, d. 



d,d,d,d, Four tiers of pipes containing steam. 

e. Stop-cock for shutting off Bteam from top coil of pipes when 
required. 

/, Branch pipe for letting off condenaeil water from d,d,d,d. 

g, Pipe leading to Cocdenaer bni (not ahown) which prevsnta 
Bteam from blowing through the pipes, but aUowa the con- 
densed water freely to paea o£^ either by returning to the 
St«am BoUet or to waste, 

h. Pan. 
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I, Frame canying ditto witli tie roda. 

}, The Patent ETaporating Dieca. 

jt. Spindle Bupporting ditto with pieces to regulate the diatance 

betweea discs. 
I, Winch-handle for turning diaca. 



I, Conduit for the al 

THU BLOW-UP lAIfe. 

241. The fi)^ process the raw augar undergoes, prepara- 
tory to refining it, is melting or dissolTing it in the olow-up 
pane, as they are called. These pans are large cyliadrical 
copper vessels, ahout 8 or 9 feet in diameter and 5 feet 
deep ; into which steam is introduced by means of pipes 
coiled round within the vessels to dissolve the sugar, which 
thence becomes a dark, thick, viscous liquid; as yet the 
earthy impurities, and part of the molasses, which are 
always present in raw sugar, are unremoved ; a small por- 
tion of lime-water being admitted to the liquid sugar, 
and constant stirring with long slender rods being applied 
to aBsist the process of liquefaction. This process is so 
simple that it may be easily underatood without an iUus- 
trahon. The blow-up pans are generally rectangular, 6 or 
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7 feet long, 3 or 4 feet wide, aud 3 feet deep, witli perforated 
copper pipea near the bottom, througli tue holes of which 
steun ia blown into the sugar. 

THX FILTKBIira fBOCXBS. 

242. "When the raw sugar has been sufficiently dissolved 
in the blow-up pans, just described, it is allowed to run 

rBO!(T FL&Tt. 
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from the blow-up pans to the filters, wluch are placed in a 
lower room. The filters are cast-iron vessels in the form of 
chests, about 7 feet in height, 4 feet broad, and 3^ feet in 
width. Pig. 1 is a section, fig. 2 a front elevation, which is 
furnished with a door for the arrangement of the filtering 
bags ; and fig. 3 is another kind of filtering vessel, called a 
befl-filter. At the top of each filtering vessel is a shallow 
chamber, in which the liquid sugar is first received, and in 
the bottom of which are several circular holes (shown in 
^g. 1) ; below these holes are suspended several stout canvas 
bags, from 6 to 6 feet long and 2 feet wide. Into these 
bags the melted sugar flows, and strains gradually through 
the bags, in a transparent stream of a slightly red colour. 
Each filtering vessel contains from 40 to 60 of these bags, 
in which are retained all the impurities, alreadv referred to 
in the last article, with the exception of the colouring 
matter, which is removed hj another process. The bags, 
when they become clogged with impurities, are taken out of 
the filtering vessels and completely cleansed in the yard of 
the refining establishment. 

CHABCOAL riLTEBS OB CISTEBNS. 

243. Preparatory to describing these cisterns, which are 
12 to 18 feet high, and 3 to 4 feet diameter, we must first 
inform the reader that at the bottoms of the filtering vessels 
is formed a false floor of laths. This false floor is completely 
covered with a strong woollen cloth, on which a layer of 
powdered animal charcoal, or bone-black, as it is commonly 
called, is laid, of about 12 to 18 feet in thickness. The 
liquid sugar flows from the filter-bags upon the charcoal, 
and in a short time distils through the layer of charcoal and 
the cloth lath-work beneath it, and is thence carried off by 

I )ipes, having now become a transparent and nearly colour- 
ess liquid, through the operation of the charcoal-filter. 
Thus tne heavy impurities of the liquid are got rid of by 
means of the canvas bags, described m the last Article, and 
the colouring matter disappears by the charcoal-filter just 
described. This last process is of too simple a character to 
require illustration by drawings. 

The charcoal, after about a week's use, becomes com- 
pletely filled with imjjurities, which are soon removed by 
burning it in retorts in another part of the refining esta- 
blishment. The charcoal then becomes as good as before 
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and though it wastes in a slight degree, the power of 
charcoal can neyer be destroyed, the same charcoal having 
been rebumed and used in the same establishment, it is 
said, for upwards of 20 years. 
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244. These pans are circular, dome-covered, air-tight 
copper vessels, as represented in the opposite engraving: 
each pan is furnished with pipes, valves, and taps for the 
various purposes of allowing the air to be drawn off bv the 
air-pump, for admitting steam to the pao, for testing the 
temperature of the liquid, <&c., &c, 

Tne saccharine liquor, after passing through the charcoal 
filter, is pumped into these pans. Steam is next admitted 
by a pipe at the bottom of tne pans into a space below the 
liquid sugar, and also by several other pipes to the interior 
of the fluid mass, which is thus brought to a boiling state 
at a temperature little higher than that of a blood-heat : 
such is the well-known effect of the vacuum created in the 
pan. That a more perfect evaporation of the liquid sugar 
may be effected, it is made to now through large iron pipes 
(shown in the engraving), each containing several small 
tubes, which further tend to condense the steam and main- 
tain the vacuum. As this process of evaporation goes on, 
the crystals of sugar are formed in the pans. For the 
purpose of testing the state of the sugar in the pans, each 
of them is furnished with a glass pipe and thermometer, 
showing the state of the stc^ inside, and an index by 
which the progress of the evaporation of the liquor may be 
determined. By these means, and finally by means of the 
proof-rod, which penetrates to the interior of the pan, hj 
means of valves, without disturbing the vacuum, the efficacy 
or inefficacy of the boiling is determined ; and it is then, as 
the case may be, either submitted to further boiling, or at 
once drawn out of the pan for the next process. 

Note, — ^Pormerly the liquid sugar was boiled in Ifffge open pans over 
a fire, at a temperature of above 240* of Fahrenheit, but by the 
greatest care in boiling the sugar was iniured by this high tempel«ture, 
and crystallisation could only be partially obtained. This great defect 
was remedied by the invention of the vacuum-pan, just described, by 
Mr. Howard, about forty years ago, who patented his invention, by 
whieh he realized upwards of £40,000. 
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STTGAB-HEATEBS. 

245. The process in the yacuum-paiis being finished, the 
cryBtalliBed sugar is now transferred to the heating vessels, 
or sugar-heaters, for the purpose of giving it greater con- 
sistencj. Heaters are simply semi-emptical cast-iron pans, 
with a copper lining — ^the steam is admitted between. 

THE MOULDS. 

246. The moulds are vessels nearly of a conical shape, 
placed on their vertices. Their mean dimensions are about 
2 feet in length and 6 or 7 inches in diameter at the larger 
end, which is open. The liquid sugar is poured into these 
moulds, and after remaining in the mould about two days, 
and then undergoing the final operations of " washing and 
brushing off," as they are called, the sugar-loaf, so well- 
known in commerce, is completed ; it having only now to 
be folded in paper and dried in a room heated to a high 
temperature by means of iron-pipes, through which the 
surplus steam nrom the boiler passes. 

Note. — ^The cost of loaf or refined sugar seldom exceeds that of 
brown or unrefined sugar by more than 20 per cent. This result 
is due to the great improvements in the process and machinety by 
C7. E, Howa/rd, &q., in 1812, and subsequently by others ; previous to 
which the cost of refining was not less than from 40 to 50 per cent. 
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BUGAB. 

m 

247. The opposite engravings show the elevation, section, 
and plan of revolving retorts for burning auimal or bone 
charcoal, for refining sugar ; also elevations and plan of the 
appended steam-engine and machinery, the nature of which 
may be readily seen from the engravings. By these arrange- 
ments very superior charcoal for the sugar-refiner's purpose 
is obtained, as well as greater economy in producing it. 
This system of retorts, Ac, was recently patented by 
James JSowrrum, Usq,, who transferred his patent to George 
ToTTj Esq.y animal charcoal, ivory blacK, and ammonia 
manufacturer, London, whose son now possesses the sole right 
of using these valuable improvements. 




ARRANGEUENT FOR ONE RETORT. 



CYLINDRICAL VESSEL AND PIPE. 
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CHAPTER IX. 

—4 — 
ON THE FRICTION OP MACHINERY, AND LABOURING FORCES. 

248. Ik the investigations of the problems in equilibrium 
the surfaces of bodies hare been assumed to be perfectlj 
smooth ; but, in practice, all bodies are found to be more or 
less rough, and therefore the results that have been deduced 
will be more or less modified by the effects of this rough- 
ness, which produces a retarding force called friction. It 
has been found by experiment that this retarding force or 
resistance, on a given surfa<^, is a certain proportional part 
of the weight of the body moved, and that it is not affected 
by the rate of motion, nor by the extent of the rubbing 
surface. Thus, if the weight w rest on the horizontal plane 
A B, and it be drawn horizontally by a weight f attached to 
a cord passing over a pulley p, then the weight f, which is 
just sufficient to draw w along the plane, wm measure the 
friction of w on the plane. If w 
be 1 ton, then, in the casO/of well- 
made, smooth Macadamised road, 
the resistance of friction is found 



to be about yV of the whole load, 
or F is about 75 lbs. to the ton ; 




so that a horse drawing 1 ton along such a road, must pull 
with a force of 75 lbs. ; which is called the traction of the 
horse. In the case of a railway, where the friction is pro- 
bably the smallest in all ways, being about -^^j^ of the 
weight, therefore, if w be 1 ton, then f will be 

w X w 

jr^rr = 8 lbs., and if - = -j^^, then, generally, f will be = -. 

The fractions ^V ^^^ shs ^® called the co-efficients of 
friction. 

249. If the inclination of the jplane, on which a body is 
moved, is small, as on the ascending and descen(ung 
gradients of railways, and the ascents and descents of com- 
mon roads, the pressure on the plane will evidently be very 
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nearly equal to the weight of the body ; hence the resist- 
ance produced by friction may be calculated with sufficient 
accurigr after thUanner explained in the last artide. 

260. Now, let p = power requisite to draw a weight w, 
including its friction, along a plane with a rise of h feet in. 
100 feet, Q = power requisite to draw w along the plane 

w 
ezclusiye of friction, and let the friction e be = - =anwpart 

n 

of the weight ; required the relation between p and w. 

By Art 118. Q : w : : A : 100 ; 

- Aw 

whence Q = — ; 

, ^ . Aw w A» + 100 

_ lOO^p 

Ex. 1. If a tr^ of 30. tops ]be moved along a level rail- 
way, what power will be required to overconle the resistance 
of friction at the rate of 81bs. per ton, or ^-^ of the weight P 

Here the required power p is equal to the resistance of 
friction, that is, by Art. 248, 

^ w^30x2240^ 

or, p = 8 w = 8 X 30 = 240 lbs. 

JSx, 2. — ^The gradient of a railway rises 2 feet in 100 ; 
what power will be required to draw a train of 50 tons up 
the gradient, the co-efficient of friction being -^ or w = 
280? 

By equa. (1), Art. 250, 

hn + lQO 5x280-1-100 -^ ^^.^ n/»>.A n, 
' = -1^^= 100X280 X SOX 2240 = 2640 Its. 

JEx. 3. The ascent of a turnpike-road is 5 feet in 100 ; 
what power will be requisite to draw a load of 6 tons 
thereon, the co-efficient of friction being Tglp or ;» = 24 ? 

E 3 
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Here v = *4±^w = i^i^t]^ x 2240 = 1232 lbs. = 



llcwt. 



100 » 



100x24 



Note, — The powers resulting from these three examples are just 
sufficient to holance the load and the friction ; therefore a small 
addition must be made to each of these powers to put the train or 
carriage in motion. 



THE USEFUL EFFECT OR MODULUS OP A MACHINE. 

251. The useful effect or modulus of a machine is, the 
fraction which expresses the value of the work compared 
with the power applied, which is expressed by unity. Thus, 
if a machine only perform -J of the work applied to it, in 
this case -J- of the work or power applied is lost by friction, 
and -| is called the modulus of the machine. The work that 
is thus lost depends on the nature and extent of the rubbing 
surfaces. The work thus lost in the screw, the inclined 
chain-pump, &c., is very great. The following is a table of 
the moduh of several machines in which the friction is con- 
siderable, with examples of their application. 



Screw press . . . 
Endless screw . . 
Inclined chain-pump 
Upright chain-pump 
Bucket-wheel . . 
Pumps for draining mines 
Crab for raising materials 



7 
i 



Ux, 1. The distance p w at which the power acts is 6 feet 
(see fig. to Art. 122) and the distance between two of the 
threads of the screw is 2 inches ; what pressure will a man 
be able to exert with the screw-press when he acts at p with 
a force of 150 lbs., the useful effect of the machine being 
only -J- of the power applied, as per table ? 

By equa. (1), Art. 122, in conjunction with the table. 



pressure = w = 



2irr p 



xi = 



2 X 31416 X 72 X 150 



2x3 



11309 J lbs. = 5 tons, 109| lbs. 



JEr. 2. — Let the length of the winch of each of the 
handles hh be 18 inches (see fig to Art. 163) the radiu9 
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of the pinion p = 2 inches, the radius of the spur-wheel 
8 = 20 mches, and the radius of the barrel or onxm b = 
8 inches; required, the weight that can be raised by the 
crab when a continuous power of 150 lbs. is applied to the 
two handles, the useful effect being as per table. 
Bj equa. (2) Art. 30, and the table, 

.Ep. 3. — ^A power of 150 lbs. is applied to the winch which 
turns the axle of an inclined chain-pump ; what weight of 
water will this power raise, the length of the winch heing 
20 inches and the radius of the axle 4 inches ? 

By the property of the lever, or wheel and axle, in con- 
junction with the table, 

4w = |.x20xp; 

I X 20 X 150 „^^ „ 

whence w = ^ = 300 lbs. 

4 

JSx. 4. — The piston of a steam-engine draws the rod of a 
pump for draining a mine with a force of 6 tons ; what weight 
of water will be raised by the piston ? 

Here the engine is supposed to act with a lever with 
equal arms ; hence by the table, 

w = Jp = 5x6 = 4 tons. 



THE PBACTICAL APPLICATION OP MECHAITISK TO THB 

WOBK OP LIVING AGENTS, 

{The friction of the machinery not being considered^). 

In applying the principles already laid down, to estimate 
and compare the different kinds of work performed under 
different circumstances, it becomes necessary to have a dis- 
tinct measure or unit of work by which the various results 
can be estimated and compared. 

252. IJhe English imit of work is the power necessary to 
raisp one pound through a space of one foot. Thus, if one 
pound be raised one loot either by a living agent or by a 
machine, then one imit of work has been performed ; if 1 lb. 
be raised 5 feet, then 5 units of work have been performed ; 
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if 4 lbs. be raised 6 feet, theii4 x 6 = 24 xuiits of work have 
been performed, and so on. Senee the uniU of work, per- 
formed are meagwed hf product of the wewht of the body in 
pounds^ and the space or height in feet through which it is 
raised; also, pressures or resistances of every kind, in what- 
ever direction they are exerted, may be expressed in pounds, 
and therefore measured by the unit of work here described. 
Ex. 1. — How many units are required to raise a corf of 
coals of 5 cwt. firom a pit, the depth of which is 60&thoms P 

Weight of coals in pounds = 112X5 = 560 lbs. ; 
Depth of pit in feet .... = 60X6 = 360 feet; 
.'.the units of work required = 560X360 = 201,600. 

Ex. 2« — ^The ram of a pile-engine weighs 9 cwt., and it 
has a fall of 21 feet ; required the units of work exerted in 
raising the ram ? 

Fnits of work = 9 x 112 x 21 = 21,168. 

Ex. 3. — How many units of work will be required to 
pump 6000 cubic feet of water from a mine, the depth of 
whicn is 80 fathoms ? 

A cubic foot of water weighs 62 1 lbs. ; hence, 

weight of water = 62i x 6000 = 375,000 ; 
. • . units of work = 376,000 x 80 x 6 =s 180,000,000. 

Ex. 4. — ^A horse moving at the rate of 3 miles an hour, 
draws a bucket of water weighing 100 lbs. out of a well, by 
means of a rope passing over a pulley ; required the units of 
work done per minute. 

Q A -4. 5280 X 3 ^^ 

Space passed over per minute = -g^ = 264 ; 

.• . units of work per minute = 264 x 100 = 26,400. 

Ex. 6. — How much labouring force will be required to 
raise 1000 gallons of water from a well, the depth of which 
is 50 fathoms P 

Ec. 6. — How manjr units of work will be performed by a 
man descending a mine 50 fathoms deep, and drawing up a 
weight of 140 lbs. over a fixed pulley, the man's weight 
being supposed slightly to exceed the given weight P 

Jns. 42,000lbs. 
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SOFBCES or LABOTJBIKa TOBCE AND THE WOBK OP 

LIVING AGENTS. 

253. The cliief Bources of labouring force are cmimaU^ in- 
cluding man, water, wind, and steam : the labouring force or 
work of animals varies according to the manner in which 
thej exert their strength, and it is estimated bj the ntmber 
of units of work which they can raise, or move W drawing, 
or by pressure in any direction, in one minute. The follow- 
ing table shows the amount of effective work that can be 
p^ormed by several of the most common Hving agents. 

Work done per minute. 

Duration of labour, eight hours per day. 

Horse-power 38,000 units.* 

A man turning a winch 2,600 „ 

drawing horizontally 3,200 „ 

raisinfi; materials with a pulley . . 1,600 „ 

throwmg earth to height of 6 feet • 660 „ 

Examples of manual power, 

Ua. 1. — ^How many tons of earth will a man raise in eight 
hours working with a winch, (wheel and axle,) from a mme 
20 fathoms deep P 

Here the time of work is 8 x 60 = 480 minutes, hence 
* Units of work per day . . . =£ 2600 x480 (see table) ; 

Units of work in raising 1 ton -i 
to the height of 20 fathoms, \ = 2240 X 20 x 6 ; 

or 120 feet J 

XT V r4. 'A 2600x480 .^. 

^•, Number of tons raised . . - 2240x20x6 ^^ 

Ex, 2. — ^How many cubic feet of earth of 100 lbs. per foot, 
will a man throw to the height of 5 feet in a day of eight 
hours ? 

.- ^ 560x60x8 -^^, 



* 



This is the number of units of work assigned by Watt to a horse, 
but by recent experiments it has been found to be considerably too 
much, f of which, or 22,000, is considered to be the work of a horse of 
averaga strength; however, the number given in the table is still 
retained by engineers as the number of imits of a horse's power. 
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J5r. 3. — How many tons of earth will a man raise with a 
single pullej in a day of eight hours, from a mine 80 feet in 
depth ? 

^^ ^. 1600x60x8 ^^ 

ISO. of tons S r—rrr —- = 4? 

2240 X 80 ^ 



Examples ^'hone'^owet^ 

JEx, 4.— How many horse-powers will it require to raise 
five cwt. of coals per minute from a mine 100 fathoms deep ? 

Weight of coals raised pei* minute = 5 xll2 = 660 lbs ; 
Depth of mine in feet . . . . = 6x 100 = 600feet ; 
.\ units ofwork per minute . . = 660x600 = 336,000. 

Wow a horse does 33,000 units of work per minute (see 
table, Art. 253)' ; .. 



^ 336,000 -^ 

/. Horse-powers or Hs= -— — - =10 



33,000 ^"^^ 

Ex. 5. — How many horse-powers will be required to lift 
10,000 cubic feet of water per hour, from a mine 80 fathoms 
deep ? 

Weight of water = 62i x 10,000 lbs. ; 

Depth of mine . = 6x SOfeet ; 

62i X 10,000 X 6 X SO 



/. imits of work per min. = 



60 



, 621x10,000x6x80 ,^,,^ 
^^^ = 60x33,000 =^^^^^' 

Ex. 6. — How many cubic feet of water will an engine of 
10 horse-powers raise per hour, from a mine 80 fathoms 
deep ? 

-fcr. 7. — Eequired the number of cubic feet of water which 
an engine of 60 horse-powers will raise per hour, from a 
mine 80 fathoms deep, supposing ^ of the work to be lost 
by friction. 

Ex. 8. — A forge hammer weighing five cwt. makes sixty 
lifts of 2 feet each in one minute ; what is the horse-power 
of the -engine that moves the hammer P 
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WOBK IS HOTIKG A OABBIAOB OB BAILWAY TBAIK 

OK A HOBIZOKTAL IPLAITE. 

254. When a locomotive engine commences its motion, 
its power exceeds the resistance, and therefore the speed of 
the engine continues to increase until the resistance becomes 
e(^aal to the power of the engine, then the speed of the train 
will be uniform, which is commonly called a steady speed, 
or the greatest or maximum speed, the work destroyed by 
the resistance being now exactly equal to the power exerted 
by the locomotiye engine. The same may be said of all 
other machines ; and it is on this principle that the follow- 
ing investigations are made. 



255. By Art. 248, the friction on a horizontal plane is 



Vf 

— , or the nth part of the weight w of the carriage or train ; 

— being the coefficient of friction ; therefore the whole resist- 
ance to motion on the plane is also = -, Let p = power 

n 

or units of work required to move the train, «= space in feet 
moved over in the time t in minutes, and h s number of 
horse-powers in P ; then p = 33,000 H = units of work 

or pounds moved one foot in one minute, and -7 = feet moved 

t 

in one minute by the weight - , whence - x - = units of work 

n n t 

required in moving the carriage or train ; 

.-.p =33,000 h=-Xt; 

n t 

whence h = • (a) 

33,000 «^ v; 

• 

In railway calculations of this kind w and 8 are usually 

given in tons and miles, which are to be reduced to pounds 

and feet by multiplying them respectively by 2240 and 5280 ; 

also n is most commonly = 280 ; if, therefore, we substitute 

2240 w for w, 6280 s for s, and 280 for w, in equa; (a), we 

shall have after reduction, 
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128 w s 5 w s 

^ = 'ioor = "47^''5^^^'^^^ ('^ 

4iB.t 

whence w = - — (2) 

5s 

4iRt 

5w ^ 

, 6ws 

and t = - — (4) 

4u 

in whieli equations w =5 weight in tons, and s = space or 
distance in miles. 

Ux, 1. — ^Eequired the horse-power (h) of a locomotive 
engine, which moves with a steady speed of 50 miles per 
hour, on a level railway, the weight of the train being 45 
tons, and the friction ^^ of the weight of the train, the 
resistance of the air not being considered. 

By equa. (1), 

6ws 5x45x50 ^^ , 
H = -7-7- = — : — 7:7: — = 47 horse-powers. 
4it 4 X 60 ^ 

JKr. 2. — An engine of 40 h moves with a steady speed of 
35 miles per hour on a level railway ; required the weight 
of the tram, the friction being as usual. 

By equa. (2), 

4iKf 4x40x60 ^^.^ 

vr = -3 — = — = — rrr— = 544 tons. 

5 s 5 X 35 ^ 

JEx. 3. — In what time will an engine of 50 h, moving a 
train of 60 tons, complete a distance of 40 miles ? 
By equa. (4), 

^ 5ws 5x60x40 ^^ . -, 
t = -; — = — - — zrr — = 60 mm. = 1 hour. 
4 H 4 X 50 

JESr. 4. — ^How many miles per hour wiU a train of 40 tons 
be drawn by an engine of 35 n P 

By equa. (3), 

4h^ 4x35x60 ^« ., 
s = -= — = — - — -r — = 42 miles. 
6w 5x40 
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- JEr. 5.— If four hones draw a load of 6 tons two miles 
per hour, on a road of which the co-efficient of Mction is -^j^^ 
now manj nnits of work will each horse perform P 

By tnuoBposing equa. (a), and putting u instead of 33,000, 
we shall have 

W8 6x2240x2x5280 „_q -^ c i^ 

V =s --— = :;;: — ^r — ' =29,668 umts of work. 

ntK. 20x60x4 ' 

JESr. 6. — ^What must be the effectiye h of a locomotive 
engine, which moves with a uniform speed of 50 miles per 
hour, on a level railway, the weight of the train being 30 
tons, and the friction as usual ? Arts, 31^ h. 

JESr. 7. — In what time will a locomotive engine of 60 h, 
which moves a train of 135 tons, complete a journey of 80 
miles on a level rail P 

JSx. 8. — At what rate per hour will a train of 100 tons be 
drawn by an engine of 60 h on a level rail P 

JS^. 9. — The maximum speed of a locomotive engine of 
50 H is 40 miles per hour on a level rail ; required the 
weight of the train. 

WOBK IK OYEBCOMIKa THE JOIin? BESISTAKCES OY TBIC- 
TIOK Aim OBiiVITT ON AB" IlTCLimBSD EAILWAT OB 

COMMON BOAD. 

256. Let F = power and tr = weight in pounds of a carriage 
or train, and A = rise of the inclined plane in every 100 feet 

IftO -4- %4t 

of its length ; then, by Art. 250, equa. (1), p = ^ to; 

and let h, 8 and t respectively represent the horse-powers, 
space in feet, and tune required in moving the weight 

—rr~ w, as in the last article ; then p = 33,000 h = units 

100 n a 

of work in pounds, and - = feet moved in one minute by the 

.,^100 + An ,^ 100 + A» « -i. i. 1, 
weight —r-r;r — 'W; wheucc — =7^; — M;x- = units ol work 
100 n lUU n t 

required in moving the weight, which must be equal to the 

umts of work in the power ; , 

«o/v/^/x 100 + A« B 



, _ (100 + ftw)««) 

Whence h _ ^QQQ^-^QQ^f 



W 
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Now, let w = weight moved in tons and s = spaoe or 
distance moved in miles, as usuaUy given in railway calcu* 
lations ; then w = 2240 w, and « = 5280 s ; these values being 
substituted in equa. (a), and n being taken =280 as in the 
last article, there wiU result, after reduction, 

256 (6 + 14A) W8 (5 + 14A) ws , ' , 

H = ^^ — ■ ' = ^ — • nearly (l) 

1000^ 4it ^ ^' 

whence w = ,, (2) 

(5 + 14 A) 8 ^' 

- 4^H 
^"•(5 + 14A)w ^^ 

(6 + 14A)ws 
^ 4i ^ 

* - . 4^H — 5W8 

14 ws 

jVode. — ^In all these equations h must be taken negatirely, when the 
weight or train descends the plane ; in which case gravity assists the 
moving power. It also appears that when h is negative and equal -fr 
of a fool^ then no power is required to move the train ; for the ^ne of 
H vanishes, since in this case 6 + 14 A becomes = o, the tndn descending 
the railway gradient by gravity alone. 

JSr. 1. — A. train of 40 tons ascends a railway gradient, 
rising 2 feet in 100, with a uniform speed of 15 miles per 
hour ; required the h of the locomotive engine, the friction 
being as usual. 

By equa. (1), Art. 256, 

_ (5 + 14 A) ws _ (5-H4x2)x40xl5 _ 33x40xl5 

4it "" 4x60 ""4x60 

= 821: horse-powers. 

Ex, 2. — ^Eequired the h, as in the last example, when the 
weight of the train is 60 tons, the rise 1 iQ'20O or \ in- 100, 
and the rate of motion 30 miles per hour. Aits. 90 H. 

Ex, 3. — An engine of 75 h ascends a gradient, rising f 
in 100, with a uniform speed of 20 miles per hour ; required 
the weight of the train. 

By equa. (2), 

4^H ^ 4x60x75 ^gootonn 
''-C54^14A)s-(5xl4x*)x20-^^^*^^'' 
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Hx. 4. — ^A train of 120 tons descends a gradient, rising i 
in 100, with a uniform speed of 60 miles per hour ; what ia 
the H exerted by the engine ? 

Here h must be negative, because the traiu descenda the 
gradient; hence. 

By equa. (1), 

(5-14Jfe)sw (5-14 xi)x 50x620 ^^, 
4« 4x60 

!Ex, 5. — ^A train of 50 tons ascends a railway gradient, 
having a rise of 1 in 600 ; what is the speed per hour of the 
engine when its horse-power is 40 P 

By equa. (3) the speed is found to be 26^^ miles per hour. 

Ex, 6. — ^At what rate per hour will a tram of 50 tons be 
drawn by an engifie of 60 u up a gradient rising 1 in 800 p 

Ex. 7. — ^An engine of 40 h draws a train of 60 tons, with 
a uniform speed of 25^ miles per hour up a gii&dient ; re* 
quired the rise per cent, of the gradient. 

By equa. (5) the rise of the gradient is found to be nearly 
^ per cent. 

The following arrangement of mechanism is to prevent 
violent collisions of trains on railways, by Lewis Oom" 
pertz, Esq., of Kennvngton Oval, (Mechanical Department of 
the Cheat Exhibition o/*1851.) 

In the annexed engraving is represented merely the lower 
parts of the first and last carriages of two trains. Fig. 1 is 
the first carriage of the one train, and fig. 2 the last of the 
other, the arrangement being such that, by means of the 
curved lever m and the friction-roller t, a violent collision of 
the trains is avoided, fig. 1 turning off the rails upon the 
adjoining line, though without of itself regaining the line 
from which it is thus driven off. The wheels a, b, c, d of 
fig. 1 are contrived so as to admit of simultaneous horizontal 
rotation, each turning on a long axle above it, in sockets 
E, Pj G, H, which are fixed in the bed of the carriage. The 
wheels are compelled to turn parallel to each other by the 
foUowiQg means : — b is a plate at the bottom of the carriage, 
to which it is only attached by means of the frames e, e, o, h 
of the wheels; each of these frames has an upright pin; 
shown projecting near to e, f, g, and h. The plate b hold- 
ing all these pins, causes all the wheels to turn alike at the 
same time. In order, then, to cause them to turn when 
required, the curved lever m is attached to the wheel b, and 
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projectmg fax before the carriage, the part M being cuired 
one way and the part JS( the reverse. The last carriage of 
the opposite train nas a roller t, on the reyerse side to the 
lever ai, and supposing these two carriages to meet, the 
roller t will strike the lever m, turning the wheels a, b, c, d 
horizontally, so that the carriage wiU be lifted off the Kuls 
and pass laterally to the other rails, it being prevented from 
going too f3ar by the part of the lever iT,.wnich turns the 
wheels right again without actually j^iacing them on the 
rails, a spring being used to keep the wheels steady. This 
phm has only been used in a model of two carriages, but it 
is judged applicable to a whole train, and as collisions 
frequently take place, not only in meeting, but in over- 
takmg, the shock is consequently less sudden and more 
easily counteracted. It will be readily perceived that only 
the first carriage of the one train and the last of the 
other need be thus provided ; besides, the operation would be 
greatly assisted if the flanges of the wheels of fig. 1 were 
not so large as they are usually made. 



THE STTPBB-ELEYATIOS' OF THE EXTEBIOB BAIL IN 

BAILWAT CUBYES. 

257. The super-elevation of the exterior rail, or the rail on 
the convex side of the line, in railway curves, the radii of 
which are within certain limits, is rendered absolutely 
necessary to counteract the centrifugal force produced by the 
velocity of the train, since all moving bodies nave a tendency 
to continue their motion in a direct line. Prom this cause 
the railway train is impelled towards the exterior rail, and 
would finally leave the rails, were it not prevented by the 
conical inclination of the tire and the flanges of the wheels. 

268. Pbop. — 2b determine the centrifugal force of a railway 
train f or that portion of the weight of the travn^ which makes 
it tend to leave the curve. 

Let y =5 velocity of the train per second, b = radius of 
the curve, e = centrifiigal force, and g force of gravity at 
the earth's surface ; also let w = weight of the train ; then, 
by Art. 277, Baker's Statics and Dynamics^ 

_wy2 
Eic. 1. — When B=i a mile = 2640 feet, y= velocity = 
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30 miles per hout = 44 feet per second, and y = 32J feet 
= velocity of a body falling from rest, at the end of a 
second; then 

w X 4 4^ 22 _ 
'^""32^640"965l'^""''^^''^^"'^' 

that is, the force that urges the train to quit the curve is -^-^ 
of its whole weight, in this case. 

J«r. 2. — When v = 60 miles per hour = 88 feet per 
second, and b the same as in example 1 ; then, 

w X 88' 
^ = 32^3^2640 = ^^^^^^^^' 

that is, the force, in this case, is -^ of the weight of the train. 
Hence it may be perceived how extremely dangerous high 
velocities are in curves of small radius. 

259. This great amount of centrifugal force, in curves of 
small radius, would be very much increased by the high 
velocities, which some are sanguine enough to expect as 
likely to he attained on railways ; since this force varies as 

v2 

— or as V2 

for the same curve : thus, for a velocity of 120 miles per 
hour, on a curve of ^ of a mile radius, we shall have 

wxiyes _ 

•^■"32^X2640""^^' 

that is, the centrifugal force is, in this case, more than i of 
the whole weight of the train ; while for curves of 1 mile 
radius, which are very common in railways. /=A w. or 
nearly ^ of the weight of the train. It must, therefore, be 
evident that a velocity of 120 miles per hour, or even one 
of 90 miles per hour, must be extremely dangerous, espe* 
cially on an embanked curve, should any accident throw the 
train off the line, which is often the case with the present 
velocities. Moreover, the resistance of the air, which varies 
as V*, must be considerably augmented by high winds 
op^sed to the direction of a train of these great velocities ; 
while its engine would require a power greatly superior to 
those now in use. 

260. This force, except in curves of very small radius, is 
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counteracted by the conical inclination of the tire of the 
wheels, each pair of which is firmlj fixed on the axle which 
turns with them ; the inclination of the th^e is commonly 
about i an inch in the whole breadth of the wheel, which is 
8} inches. This inclination of the tire with the lateral play 
of the flanges of the two wheels of } an inch on each side, 
and the centrifugal force urging the train towards the exterior 
rail, when moving in a curve, increase the diameter of the 
outer wheel, and diminish that of the inner one, which causes 
the train to roll on conical surfaces, thus necessarily pro- 
ducing a centripetal force to counteract the tendency of the 
train to leave tne curve. However, in curves of very small 
radius, the centrifugal force is not sufficiently counteracted 
by the centripetal force thus generated, the centre of which 
last-named force is the vertex of the cone, of which the 
increased and diminished diameters of the wheels are sec- 
tions. The amount, therefore, of this centripetal force shall 
be determined in the following — 

261. Peop.' — The velocity/ of the train, the gauge of the 
rails, the radius of the wheels^ and the inclination of their 
tire being given, to determine the centripetal force generated 
hg the conical inclination of the tire of the wheels of the train, 
and hy the centrifugal force impelling the train outwards. 

Let d = mean cuameter of the wheels of the train, d = 
increment, and consequently the decrement which the dia- 
meters of the exterior and interior wheels respectively 
receive, through the conjoined action of the centrifugal force 
and the inclination of the tire ; then under these circum- 
stances the respective diameters of the exterior and interior 
wheels wiU be 

d-^-h and J— d; 

also, if e' = radius of a circle which the centre of a carriage 
would describe in consequence of the inclination of the tire 
of the wheels, and h = breadth of the road or gauge of the 
rails: then E' + i 5, and e— J5 are radii which would be 
described respectively by the exterior and interior wheels ; 
and by similar triangles, 

J + a : d^b : : E' + i5 : e' — JJ; 
whence (f : d : : 2 e' : 5, 

and B' = jr^. 
2g 
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Or, if - = inclination of the tire, and A deviation oi 
n 

the wheels, then, 

. 2A 



> 



and, by substitution, 

hdn 
4A 



b' = 



Now V and w representing the velocity and weight of 
the train, as in Art. 258, the centripetal force corresponding 
to the radius b' will be 






or, by substituting the value of b', 

4wv»A 

hdgn * 



f' = 



262. Fbof. — To determine the deviation of tie wheelsy and 
the radius of the curve, when the centrifii^al and centripetal 
forces, in Art. 258 and 261, ^i^^ balance each other. 

Because the forces f and v' act in contrary directions, 
they will hold each other in equilibrium when they become 
equal, and the train will cease to have a tendency to quit the 
curve ; this will take place when 

WV^ WV2 







^ B "" y b" 






or, B = b'. 


Also, 


by 


Art. 258 and 261, 

WT2 4WV2A 

yB " hdgn 

whence A = i — 

4b 



which is the deviation requisite to produce an equilibrium 
between the centripetal and centrifugal forces of the train. 
And| since b = b', the vertex of the imaginaiy cone, of 



/W' y 
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wMcli the increased and dinunished diameters of the wheels 
are sections, will coincide with the centre of the curre, there 
will consequently be no dragging on the wheel on either of 
the rails. 

X J — 

If in B' = r — , rf = 3 feet, 5 = 4 feet 8J inches = 4*7 feet 
4 A 1 

= breadth of the narrow gauge, - = 4'* *^^ A = -J of an inch, 

the radius of curvature corresponding to this deviation, when 
the two forces are in equilibrium, will be 

B'= ^= 4-7 X 3 X 7-=-4 X 4 X A = 888 feet. 
4 A ^ ^* 

But, since an accidental depression of the exterior rail 
might cause the flange of the wheel to rub the rail on that 
side, it would be advisable, for the sake of greater safety, to 
limit the value of b' to not less than 1200 or 1500 feet. 
Moreover, in curves of less than 1500 feet radius, it will at 
once appear that a super-elevation of the exterior rail will 
be absolutely necessary to counteract the excess of the cen- 
trifugal above the centripetal force. 

263. Pbop. — To determine the sttper-elevation of the 
exterior rail in railway curves of leas than 1200 or \'^QOfeet 
radius; the same, things being given as in the preceding 
proposition. 

Let a? = super-elevation of the exterior rail ; then, since 
h = breadth of the way, the inclination of the plane on 

which the train moves = t to rad. = 1, and hence the gravity 

of the train will impel it to the interior rail with the force 

- wa? 

This force, together with the centrifiigal force, resulting 
from the deviation of the train to exterior rail of the curve, 
must hold the centrifugal force ia equilibrium; therefore, 
from Articles 258 and 261, there will result 

wa? WT^__wv* 
h gB! gB, 

3 



.hence. = ^-17-1-^,) 

g \B b7 
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which is the formula for the supeivelevatioii of the exterior 
rail, and due to Pambawr; who, bj solving it for some of 
the usual cases, produces the following 

TABLE OP THE SUPER-ELEVATION TO BE GIVEN TO THE 
EXTERIOR RAIL IN CURVES. 



DMignation of tlie Wacgoiu 
•nd the Way. 




Badins of the 

Cure 

in Feet. 


Super-eleration to be giren to the Bell in 
Inches, the Telocity of the motion in 
Miles per hour being :— 




10 MQei. 


aOMUes. 


MMilet. 


Waggon with wheels^ 
3 feet in diameter. 

Qauge of way, 4*7 feet 

Play of the waggons 
on the way« 1 inch. 

Inclination of the tire 
of the wheels, 1 in 7. 




250 
500 

1000 
2000 
8000 
4000 
5000 


114 

0-57 
029 
015 
010 
0-07 
0-06 


5-60 
2-83 
1-43 
0-71 
0-47 
0-36 
0-28 


12-99 
6-5 
8-30 
1-65 
1-10 
0-88 
0-66 



The correciaiess of the above results is pretty generallj con* 
ceded. It must, however, be consid^ed, that it is extremely 
difficult,, if not impossible, to realise in practice the precise 
conditions and proportions determined bv these important 
formulsB ; as accidental depressions and enlargements of 
gauge of part of the rails, as well as many other matters that 
cannot be subjected to calculation, will unavoidably derange 
these results. 



CHAPTER X. 

ON THE PRODUCTION OF BROWN SALT, GLAZED STONE-WARE AND 
BRISTOL WARE, AS MANUFACTURED AT MESSRS. SINGER AND 
GREEN'S POTTERY, VAUXHALL. 

(MSGHAKIOAL DBPABTKENT of the aSEAT EXHIBITION OF 1851.) 

In laying before our readers the manu&cture of stone 

Sottery, we will commence from the pit in which the clay is 
ug, and proceed through its different stages until fit for 
the market. 

264. The best clay for stone-ware is obtained from 
Dorsetshire, and is taken from the same pits as the clay 
used in Staffordshire for ^hq white and other wares ; the 



top stratum of tbe pit is a Bandj clay, with fine partidoB of 
gnt, and is used to a very lai^e extent for the stone drain 
pipes BO unirersally approved in house drainage ; the second 
stratum is a clay of ithe same quality, only free from sand 
and grit, and is used for general pottery ware by the 
Vsuxnall and Lambeth manufacturers. Other days of a ' 
somewhat similar quality are obtained from Devonshire, and 
mixed with the Dorsetshire clays in proportions suitable to 
the articles for which they are required. The clay is dag 
from the pits in large bsJls, about 301b. in weight, and 
are sold to the potters 70 balls to the ton, and shipped 
through the different agents from Poole. 



265. When thoroughly dry, the balls are broken and 
passed under iron-rwiner», as shown in sketch So. 1., with 
a bed plate of gratings, to aUow the clay, as it becomes 
ground sufficiently small, to pasa through the openings of 
the gratings. 

To the upright shafl of the numers are attached two 
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Bcr^>erB, projecting as far as the rim of the bed ^late, th« ond 
is continiuUy Bpre^dicg the clay over the gratings to allow 
the fine clay to pass tarough, and the other follows, collect- 
ing the coarser particles, and is ao placed as to bring them 
again under the mnaers. 

The ground clay is then mixed with water and other 
ingredients, as may be required, by a man working it with 
his feet, and passed through pugmiUs, as shown in sketch 
No. 2. 



266. Fwmillt are generally formed of iron cylinders, 
Bome straight, some slightly tapering, averaging in aizs 
about 4 ft. high, and 22 in. in diameter. Some are also of 
wood as in the accompanying illustration. 

An upright shaft or axis reTolres in the cylinder, from 
which kniyes radiate in all directions, somewhat resembling 
the form of a screw, and projecting to within one inob M 
the side of the <7linder. 

The day being pat into the mill, is g^ually compressed. 
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and worked W the ksiTes, which, hein^ placed, as shore 
described, in the fonn of a acrew, press it to the bottom of 
the mill, and through a btobU hole, where it ia discharged, 
cut o^ and placed in a hin appropriate for the purpose. 

The clay is then ready for the potter, hut before being 
UBod it undergoes a process of slapping or wed^g, as 
shown on the nght-hand side of sketch No. 3. 



"Wedging consists in tearing or cutting clay into pieces 
. by wire, and striking them together again, with a force 
sufficient to make them adhere ; this is repeated twenty or 
thirty timea, by which process the clay becomes well inter- 
mingled; it ie then made into balls of a size sufficiently 
large for the article required to be made, and the potter 
works &om the solid lump of clay, bottles, jars, &c., as shown 
in sketch No. 3. 

267. There are two kinds of potter' n-iekeeU, one for small 
goods, where the man generally sits to bia work : it consists 
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of an uprigbt iron shafb, tlie lower point of which turns in 
a socket, and the upper is fixed in a broad wooden disc ; 
near the top, the shaft passes through a socket attached to 
the frame- work of the wheel; on the shafb are a series of 
speed-pulleys, by which the speed of the shaft can be 
increased or lessened as circumstances require. This shaft 
is driven by a fly-wheel, from which an endless belt passes 
to the speed-pulleys, and is turned generally by a boy. 

268. JB^or larger goods the man stands to his work, and 
the wheel is formed, as in sketch No. 3, of a pair of cog- 
wheels, the one on the perpendicular shafb on which the 
potter forms his goods, the other on a horizontal shaft, on 
which is also a fly-wheel and handle turned by a boy. 

As the wheel revolves, the potter dashes his lump of clay 
on the disc ; he then slips his hands frequently in water to 
allow the clay easily to pass through them, and pressing it 
with both hands, it gradually assumes an irregular conical 
form ; he then presses it flat again, by which operation he 
expels any air-bubbles that may be In it; the boy then 
lessens the speed of the wheel, and the potter forms his ball 
of clay into the article required. 

269. The vessel is then taken to the lathe room, where it 
is allowed to dry gradually, until it arrives at a certain 
poiiit called the green state, when it is put upon a lathe, 
the rough outside surface taken off" by a sharp tool, and 
afterwards by a smooth one, formed of a piece of flat steel 
called a burnisher. Figures and handles, &c., are also 
attached to vessels in the green state. 

Being finished, the articles are then placed on stiUions 
round the kilns or ovens, the heat of which evaporates all 
moisture from them, and leaves them perfectly dry and ready 
for the burning. 

270. Yessels made as above described, are all of a round 
shape; anything out of the round is generally formed in 
moulds made from plaster of Paris. The mould is in two 
halves, which are filled with cakes of clay and joined together, 
the cakes of clay being made of a thickness sufficient to the 
size of the article ; the plaster absorbs the water from the 
body thus moulded, which shrinks from it, and in half an 
hour after being filled, the two halves of the mould can be 
taken from the vessel thus formed. 
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S EILSS. (No. 4.) 



I 271. The kilna aie generally of a circular form, Tarying 

from 9 ft. to 14 ft. in diameter, aad from 10 ft. to 18 ft. high. 

The fire holes from five to eight in number, according to the 

^ size of the kiln pass through the thickness of the hrickwork, 

I and ore placed at regular distances from each other. 



Na i. 



For hrown salt glazed stone-ware, the inside of the kilns 
ia generally formed of square boxes, made of fire-clay 
lumps, in which small goods are placed ; these boxes are 
huilt up about half the height of the kiln, and the t<ip is 
filled by placing larger goods on each other. 

When filled, the doorway is bricked up, and fire applied 
to the furnaces. 

The heat is gradually increased from the time of lighting, 
till the ware is found to be properly burnt, when a quantity 
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of salt IB thrown into the top, }>j means of iron cupB attached 
to long handlea, uaed for the purpose ; the salt, being 
evaporated, depoeitB itaelf on the exposed body of the ware, 
ana gives it a bright brown appearance. 

The inaide, before being put into the kiln is lined with a 
coating of liquid glase, prepared &om glass, clay , stone, &c., 
in proportions necesBarr to the heat to which the goods ore 
burnt, and suitable to the body on which it has to be placed. 

A 12 ft. kiln can be worked once eveiy week, as it gene- 
rally takes two days filling, two days and nights burning, 
two days cooling, and one day empt^g. It requires about 
3^ tons of cods to bum it, and will hold on an average, 
from 35Z. to 45/. worth of stone-ware goods, the contents 
varying in value accordiog to the articles with which it 
may be filled. 

BBISIOX aLAZ£n WABE. 

272. The Bristol glazed ware, so called from having been 
first manufactured by the Bristol potters, is an article made 
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from tte Bome claya as salt glaied stone-ware, and is gene- 
rally preferred through its being more highly glaied, 
better finished and more pleasing to the eye, and the mode 
of burning ie such Ba to preaerre the gooda front being 
damaged by the fire, not being ezpoaed, as in the ealt glazed 
Hlna to the direct action of the fire. 

The Teasels, when ready for the kilna, are immersed in a 
liquid glaze, and instead of being placed on each other, as 
in the stone-HluB, are burned in close aaggera, or boxes 
made of fire-clay, ao as to prerent the flime of the fire 
leaching them. The iiln {No. 5.), which is on a somewhat 
different principle to the stone-kiJii, is then fired until the 
glaze on the Tessela becomes melted. 

During the process of burning, the man in attendance 
continuaSy looks into the kiln, throngh sight-holes, in order 
to see whether the firea are burning alike, and thus keeping 
an equally of beat through his kiln ; when he considers it 
near]; finished, he draws trials through a hole in the door- 
way, until he finds the glaze melted a^ bright, which shows 
him the kiln is finished. 
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